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ol IJ HE Study of Nature, or in BO, 4 ords, 


a ſerious 2 ontemplation of the Works of 
Goa, is certainly one of the moſt pleaſing 

and uſe eful, as well as moſt extenſrue Kinds 
e Knowledge. It is indeed the great, and 
ares Obje&? of our Ku r Faculties; for ſurely we can- 
not employ our Reaſon better, than in endeavouring to 
make ourſelves acquainted with the glorious A. orks of that 
Being, to whoſe Goodneſs we owe it, 

Natural Philoſophy is now ſo greatly improv 'd i in all its 
ſeveral Branches, that few Perſons, who have bad the 
Happineſs of a liberal Education, are wholly unacquaint- 
ed with the Value of it. But till the Generality of Man- 
kind are guilty of one very great Miſtake, for they are apt 
10 form an abſolute Tudgment of the Works of Mature, 
from outward Appearances only; and ſo imagine, that the 
moſt grand and magnificent. Parts E the Creation, are 
always 
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always moſt perfect, and for that Reaſon moſt worthy 7 
our Regard. The Splendour of the Sun is vijſible to 


every Eye, and we need only took upwards in order to 


be convinced, that nothing leſs than infinite Power and 


Wiſdom, could firfs create the Univerſe. What, but 
an Almighty Hand, could raiſe ſuch a glorious Canopy 


as that of the Heavens, jo richly adorned with Stars ? 


Or ftretch out ſuch a ſpacious Area, as this terraqueous 
Globe on which we tread, and fail; and which is fur- 
niſh'd with every Thing that is neceſſary for our Sup- 
port or Happineſs? And indeed theſe great Truths are 
%o very obvious to the loweſt Capacities, that few Per- 
ſons pretend to diſpute them; but then it muſt likewiſe 
be own'd, that Men are generally apt to confine their 
Attention to the moſt fhining Parts of Philoſophy, and 
/o treat every Thing elſe with CovIneſs and Indifference, 


and even ſome Degree of Contempt, But ſurely a true 


Philoſophe 


tures, with which all Parts of the Earth are | 


Yer is one, who diligently purſues the Study of 
Nature, in all its ſeveral Branches, who can behold 
with Admiration her nobleft Productions, and yet view 


with Pleaſure the ſmalleſs of her Works; in ſhort 


one, who thinks every thing excellent, that owes its 
Formation to ber ſkilful Hand. Nor is this a forced 


and imaginary Deſcription, but a real Character; and 
we need only take a tranſient View of ſome of thoſe Crea- 

plenti- 
fully ſtored, in order to be convinced of the Fuftneſs of 
it. For whether we regard their Elegance, and Beauty; 
or conſider their Fitneſs to anſwer thoſe Purpoſes, for 


which they were deſigned ; in both theſe Reſpefts we fball 


find, 
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find, that the ſmalleſt Creatures are perfect in their 
Kind, and carry about them as ftrong Marks of infinite 
74 2 and Power, as the greateſt. How many cu- 
rious Animals inhabit the Air, and what Numbers tra- 
verſe the deep Waters. The whole Earth is full of Life; 
there not 2 a fingle Tree, Plant, or Flower, but 
what affords Food and Shelter to a Species of Inbabi- 
 tants peculiar to isſelf. And then if we call in the A 
fiftance of Art, what a new Scene of Wonder opens to 
aur View? I. hat aw in infinite Variety of living Creatures 
preſent themſelves to our. Sight? 2 their extream 
Minuteneſs may at firſt feem a juft Argument for that 
low Opinion, hich the V. ulgar are apt to entertain of 
them; however, if we examine them with Claſeneſs and 
Attention, we ſhall ſoon diſcover their divine Original. 
We ſhall then furvey with Admiration the wonderful 
Art and Mechamſm of their Strufture ; wherein fuch a 
Number of Veſſels, Fluids, and Movements, are colle&- 
ed into a Angle Point; and That often invifible to the 
—_ Eye. What a Profufion af the richeft Ornaments, 
8 Colours, are frequently beſtoued upon one lit- 
3 7 wo; and yet there are Millions , others, that are 
as beautiful ond wonderful in their Kind. Some are 
covered with ſhining Coats of Mail; .others adorned with 
 Plumesof Feathers; and all compleatly furniſh'd with thoſe 


Weapons, that are moſt proper for defending themſelves, 


as well as attac 


king their Enemier. In ſhort, the more 
we enquire into Nature, the more excellent ſbe appears, 
and we fball conflantly find, "that the Beauty of ber 
Works will gradually riſe in Proportion to our Know- 
ledge of them. There is no ſuch Thing as M earmeſs in 


any 
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any of her Productions; ſome indeed may be more grand, 
and happen to firike our Senſes more ſtrongly than others, 
but all are perfect in the higheſt Degree. 

If then a ſerious Contemplation of the Works of God, 
may juſtly be confider'd as an excellent Kind of Know- 
ledge, and worthy of our Purſuit ; and if all thoſe 
Works, though different in Degrees of Splendour, are 
ill perfect; it is hoped, that an humble Attempt to 
improve, and encourage the Study of any Branch of Na- 
tural Philoſophy, will not be unacceptable to the Publick. 
And fince the Knowled ge of the Microſcope has always 
been look d upon as no incon fiderable Branch of Natural 
Philoſophy, and as that Part of it has more particularly 
fallen within the C. ompaſs of the Author's Studies, he 
has ventured to make it the Subject of the following Trea- 
tiſe; a Subject, which has ſo often employ” d the moſt 
learned Men, that it can hardly ſtand in Need of an A- 
pology for the Choice of it. 

Having ſaid thus much with Regard to the Science, I 
ſpall now beg Leave to ſay ſomething of the Inſtrument 
itſelf ; and then make Haſte to acquaint the Reader with 
what be is to expect in the following Sheets. 

The Microſcope is an Inſtrument ſo curious and enter- 
taining, and ſo generally eſteemed amongſt the learned 
Part of the World, that one great Reaſon of its being ſo 
much diſregarded by Men of Leiſure and Fortune, mu 1 be 
owing to the Difficulty of u fing ſome of thoſe, which have been 


hitherto invented. Beſides, many Perſons have neglected 
the Microſcope, from an Apprebenſion, that a good De- 

gree of Knowledge in Ofpticks would be neceſſe ary to their 
U nder landing even the experimental Part of it ; where- 


as 
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as nothing more is really required, than good Eyes, good 
Glaſſes, and a well-conſtrufted Inſirument ; with theſe Helps, 
a common Underſtanding, and a little Practice, will be 
ſufficient to carry us through this Branch of Natural 
Philoſophy. = 
. Others, again, have confider d the Microſcope as an 
Infirument, which is perhaps capable of affording a little 
Amuſement, or even raifing our Wonder for a Moment, 
but is indeed of no real Service. However, this is an 
Objeftion that reflects more upon the Author of it, than 
the Inſtrument ; and therefore does not ſeem to deſerve 
the Ceremony of an Anſwer. Some alſo have laid afide 
the Microſcope, after a little Uſe, merely from a Want 
of knowing what Objects to examine, and where to find 
them; as well as how to prepare and apply them. 
I hope the Reader will find, that I have, in ſome 
Meaſure, ſurmounted all theſe Difficulties. For, firſt, 


I have given à clear and accurate Deſcription of my new 


invented Univerſal Microſcope; which comprehends all 
| the ſeveral Uſes of other Microſcopes, in one Apparatus; 
a Circumſtance that deſerves a very particular Confide- 
ration. For Microſcopes have been generally conſtructed 
fo, as chiefly to excel in a fingle Inſtance; ſome having 
been adapted for viewing Opake, and others for Tranſpa- 
rent Objects; but none capable of ſhewing both in the | 
fame exact Manner. I have therefore endeavoured to 
contrive my Univerſal Microſcope ſo, as to render it ca- 
| fable of doing every Thing that can be expected from ſuch 
a Kind of Inſtrument. I have likewiſe ſhewn how it 
may be applied to an improved Solar Apparatus; in 
which Application of it, there is a particular Contri- 
Vance 
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Vance for con fuming Frogs, Mit ice, Bars, Sc: in order 
70 view the Circulation of the Blood n the: Feſerite: 
and other Parts of- thoje Animal. 23>". VERDE 
Mert I have proceeded to give a Diferipeiv of 0 all tha. 
4a ferent Sorts of modern Microſcopes, that have: been hi- 
therto invented % that any Gentlemam: who « 154 in 
to purchaſe, ma ;y readily — her ſeveral Uſes, 
and by comparing them together,” be eng. we yy N 0 
true Judgment of their Value. 
I come now to acquaint the Readey- a as hes. » 
expect in the following Shewts, La one 0 . 5 in 2 


very ew Words. 


1 here I muſt be- fo ingen e e e ad ther 
my Book contains faber u _ 25 T Collecnoun F ev 
Thing that has hitherto been mentis d by the bejt-Wr hers 
upon Microſcopes, than. M. arterr of my own 7. vwenlion. 


However, I can truly yay, #bat my. Ancere Endenwours 
have not been wanting, in order to range th 2ſe Materinls 


under their proper 1 "FW as al. as jo  entarge 1 upon 
them, where it "was requiſite, n the aft pam DA 52. 
telli rible Manner. © I have likewviſe- attempted: a Nun 
tion f foo very valuable Pieces; ibe one containing M., 
JozLor's Obſervation hen tho Animaleula;, b, avs 
found i in many different Sorts of 1 


fu fonr; be de N- 
TREMBLEY's Accqunt of the freſs Waver Poly) 1. 
ther of which, 1 believe, has' id ar kd hr. 
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As to the Coppor-Plates, 7 Bebe Ae Ne Cart 
to have them copied from-exceeding good Drawings, and 
then engraved in the very beſt Mannes; und in order 0 
5 event, as much as poſſible; any I. Wrctniracy; I always 
| obſerved 
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obſerved the Fallin E ethod : When I had à Mind to 
make a Drawing of any Objec*:- I placed it in my Uni- 
verſal Microſcope," ant Fable, o an improved Solar 
Apparatus; by whith" Means rbe O55 elt was thrown up- 
on à large Sheet of white Paper, av magnified to a De- 
gree, that cannot be conceived by thoſe, who have never 
ſeen the Experiment. I then took my Pencil, and went over 
every Line of the Object, with all ] omoginable Care and 
Exactneſs, till I had Fniſbed: a compleat Drawing of it ; 
and this being fixed i in the Camera Obſcura, and ſo re- 
duced, according to the ftrieteſt Rules of Per fpedtroe, to 
a Size proper By my Bool, F urew from it the Pattern, 
which was ſent to my Engravtrr.- And indeed I have 
been ſo extreamly 9 agel With\ Reſpett to the Copper- 
Plates; that no Erpence has been wanting, in order to 
their being engraved in"the very beſt Manner. It is for 
this. Reaſon that I ain "obliged to raiſe the Price of my 
Book much higher, than Jever intended, or even defired; 
however, as it is not d Matter of Chats” but abſolute 
N. eceſſicy, ty, 1 hope the Publick will be /o indulgent, as to 
tale it into their Confideration. 
As my Microſcope has had the good F ortune to meet 


with @ favourable Reception from many Gentlemen of Di- 


ftinfion and Learning i in 5 KAN D, as well as ſeve- 


* 2 
{ ” a 
. % 


ral Parts of E9/ROPE: z TN brz watcurate Deſcrip- 
tion of it would ur 'bs agate 75 fboſe, who had 
been pleaſed to; honour me with their CuRom. This was 
my ſole J ntention iu 6 fearing. down r ite, but T quickly 
Son myſelf engaged mach 4. e than at firſt I defign- 
ed ; and at length began to 1 that à Collection of 
the moſt valuable Materials that could be met with in 


a the 
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the beft N riters upon Micro * bes, ui perhaps be 
C5! 1 was graath 
ee pH tz g allowed & fret ole 


+1 1 Ls 
* | — . bY ana f 
E a NGLAND,: belong 


| ing ta a noble Per ſonage e, whoſe 22 J am not per mit- 
ted to mention, but whoſq ( o/s upon this, and all o- 
ther Occa _ Me Lo con * . ge "with the 
higheſt P Hall only pry that I 
have neither ſo 1 1 oa nor Vanity, as ts pre- 
fume to reckon elf a among the IV; unber 9 _ learn 
ed Men, p60: baus ume Hay \#his Subjett. My Pro- 
Feſfon indeed-muft neceffartly afford s a rod dea⸗ of 
Infight into ſeveral Branches of Natural Phi „ and 
I cannat reproach myſelf "with having wilfully agg fed 
any Opportunity of Improvement, - but” fill I am MY 
e, ZR JEL. Hook, rift hate any Defects ; however, 

rely very meh upon the Candeur of the Reader, and 
þ ſhall beg Leave, withqut inthe TRE te threw 
my Mite into the publick Trenfiury. . 
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Containing the Deſcription and Uſe of a New Uni- 

ver/al Single Microſcope, invented, made and 

fold by GEORGE ADAMS, at Tycho Brahe's 
Head, in Fleet-Street, LONDON. 


I. bath long been the Deſire of the Curious and Inquiſitive 
4 Part of Mankind, to have a Microſcope which would be 
Portable and Univerſal, that is to ſay, Onz oxnLy Inſtru- 
— war. by which all Sorts of minute Objects might be ob- 
ſerv'd. e „ ; 
3 1 ſhall here preſent the Reader with a Deſcription of 
One, which comprehends all the wifh*d-for Advantages, becauſe it con- 
rains a firfficient (ibo ſmall, yet all that's neceſſary) Apparatus, to perform 
the Effects of all the various Sorts of Microfcopes, (and ſome of them very 
elaborate ones too) that have been heretofore invented; nay, I can go far- 
ther, and ſay alſo of ſome others that have been ſince attempted. 
It is capable of obſerving all thoſe very minute Animals, which walk or 
crawl upon the Earth, Trees, Flowers, &c. thoſe which fly in the Air, 
and the Animalcula that fwim in prepared Liquors, and in thoſe which 
have had no Preparation; it may alſo be very advantagiouſly employed in 
examining the Circulation of the Blood, c. in the Infide of larger Ani- 
mals, and likewiſe in the Diſeoveries of the minute Particles of Minerals, 
Plants, Fc. wherein may be perceived what amazing and ſtupendious Con- 
trivances, exact and perfectly uniform Proportions, the great Author of 
Nature hath endowed thoſe very minute Parts of the Creation with, which 
are ſo extreamly ſmall, as to eſcape the beſt Eyes deprived of this Aſſiſt - 
ance of human Art. N e Te” 
This MrcRroscoPE is made either of Braſs or Silver, and is compoſed 
of fix double Convex Lens s, of different Foci. | 
Repreſented, as put together for Uſe in Fig. 1. 
When it is firft taken out of its Box, the two Legs A, B, are to be 
turn*d about upon the Joint C, till they make an equilateral Triangle * 


2 New Univerſal 


the ßxed Leg D, then will the Pillar E, be ſupported in a perpendicular 
Poſture. 

F, is an illuminating Glaſs, for reflecting the Light of the Sky, the 
Sun, or a Candle, upon the Object: Its Support H, is to be put into a 
Hole, in the Center of the round Piece G. 

The Object-Bearer I, with its Springs b, and Slider K, has a ſquare 
Stem behind the Slider, which is to be put into a Hole at L, in the up- 

right Pillar E. 

M. M M, is a ſcollop'd Plate, which contains the fix Magnifiers, 
number d from x to 6, the leaſt Number being the greateſt Magnifier ; in 
the Center, and on the Underſide of this Plate, is a ſhort Cylinder, with 
a ſmall Steel Pin near the End of it. This Cylinder 1s to be placed in the 
Top of the Pillar E, in ſuch a Manner that the aforeſaid. Steel Pin may 
go into the Slit at æ. 

N, a black Eye Piece, hollowed out to defend the Eye from the Side 
Rays of Light, under which the Magnifiers may be turn'd round at Plea- 
{ure ; ſo that in this Apparatus there is no Trouble in changing the Mag- 
nifiers, they being ſo contrived as to be ſucceſſively brought under the 
Eye. Fiece N. 

O, is a reflecting Speculum of Silver, or other Metal, highly poliſhed ; 
which when an opake Object is to be viewed, muſt be placed under the 
Eye-Piece N. By which Means, the Light thrown upon it from the Mir- 
rour F, will be by it collected and reflected back again upon that Surface 
of the Object next the Eye; which will then be ſo ſtrongly illuminated, 
as to be examined with Eaſe and Pleaſure. 

This removes the Inconvenience of having the dark Side of an Object 
next the Eye, that having been hitherto an unſurmountable Obſtruction 
to the making Obſervations on opake Objects, with any conſiderable De- 
gree of Exactneſs. For in all other modern Contrivances generally known, 
when a large Magnifier is uſed, the Nearneſs of the Inſtrument to the Ob- 
ject, unavoidably overſhadows it ſo much, that its Appearance is render d 
_ obſcure and indiſtinct; although many Ways have been tried to throw 
Light upon an Object from the Sun, the Sky, or a Candle, by a Con- 
vex Lens, placed on the Side thereof, yet this refracted Light falls on the 
Object ſo obliquely, that it rather ſerves to give a confuſed Glare, chan to 
afford a clear and perfect View. 

P, is an adjuſting Screw, by the turning of which an Object placed be- 
tween the Object carrying Plate I, and Springs b, is readily raiſed or de- 
preſſed; until it is brought into the exact Focus of the Magnifier. 

I, 2, 3, 4, 5, 6, are Marks on the Pillar E, to ſhew the reſpective 
Diſtances of the Object from the Magnifiers, according as each Glaſs 
magnifies more or leſs. — For Inſtance, if you uſe the 5th — 
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firſt place it under the Eye-Piece N, and then with your Finger and Thumb 
turn the Screw P, till the Finger of the Hand which is engraved on the 


Sliding Piece Q, points to the Mark 5 on the Pillar; then will the Object 


be very near its exact Diſtance from the Magnifier; ſo that by a Turn or 


two of the Screw P, either backwards or forwards, to be found by Trial, 


you may ſoon fit it exactly to your Eye. 

The Object carrying Plate I, and Steel Springs b, are capable of hold- 
ing Ivory Sliders ; or other Contrivances of different Thickneſſes, by un- 
ſcrewing the little Screw c, and with your Nail preſſing down the Slider K, 
by the Button d, the Steel Springs will then be ſo ſeparated from the Plate I, 


as to receive any other Part of the Apparatus; and may be there made faſt 
by tightening the Screw c. 


e, A Nut, by the ſcrewing of which, the Joint C may be tightned, if 
at any Time it ſhould wear eaſy. 3 55 
The Plate numbered Fig. 2. repreſents the Apparatus belonging to the Uni- 
verſal Single Microſcope, Fig. 1. and alſo to the Univerſal Double Micro- 
ſcope, repreſented by Fig. 3. Whereof, 
a, b, f, Is a Contrivance to confine a ſmall Fiſh, by putting its Tail 
under a Spring on the Inſide at c, and tying the Body of the Fiſh to the 
long Part b, f, the two extreme Ends of the Tail, may be drawn through 
the Slits d, d, on each Side, that the Middle of the Tail may lie flat: Then 
put the End æ of this Fiſh-pan between the Object carrying Plate I, and 
Springs b, of Fig. 1, or Fig. 3, (they being firſt opened to a proper Thick- 
neſs to receive it,) in ſuch a Manner, that the Hole e, under which the 
Tail of the Fiſh is placed, may lie nearly under the Center of the Hole f, 
in the Object carrying Plate I. In this Poſition, the Magnifiers may be 
all ſucceſſively turned over the Object: And the Circulation of the Blood 
examined from the leaſt to the greateſt Magnifier, with Eaſe and Pleaſure. 
It may alſo be ſeen in the Webb between the Toes of a Frog's hind Foot, 
which is to be placed under the Spring at c, and its Body tied with a Tape 
to the Part b, f. a | 
R, is a Piece of Glaſs to be placed as Occaſion requires, either upon the 
Surface of the Object carrying Plate I, or between it and the Springs b; 
its Uſe is to hold any accidental Object that may offer; ſuch as the Ani- 
malcules in Fluids, (which may be very commodiouſly examined 1n this 
Manner) Duſts, Cryſtals of Salts, the Farina of Vegetables, c. 
8, 8, A jointed Slider, containing two flat Glaſſes, with Cavities ſunk 
in them, deſigned for confining any ſmall Object without cruſhing or de- 
ſtroying it; ſuch as Aquatics, or any other live Inſects, as Fleas, Buggs, 


Lice, Fc. and is alſo to be placed between the Object carrying Plate I, 


and Springs b, which muſt be ſet wider to receive it as before directed. 
T, is an Ivory Slider with four Holes, wherein to place different Objects 
between two Pieces of Muſcovy Talcs, and is alſo to be applied berwren 
| B 2 25 LC 
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"I. New Univerſal 
the Object carrying Plate I, and Springs b, fee Fig. 1, with the Ivory Slider 


L applied to it. 

V with its Socket 2, ſliding Steel Bar h, Joint i, and its ſpringing Tube 
k, through which runs a Steel Wire; one End whereof terminates in a 
ſharp Point l, and the other hath a Pair of Plyers m, ſoldered to/it : The 


Joint i. having a twofold Motion for the readily prong the Parts of an 


opake Object before the Magnifier. 

The Point or Plyers, are to be thruſt into, or take up, nas hold 3 any 
Infect or Object; either of them may be turned under the Magnifier, as 
beſt ſuits the Purpoſe. 

When this Apparatus is uſed, the ſquare Stem n, of the Socket g, muſt 
be put on to the Pillar E, at the Hole L, Fig. 1, and 3, (the Object 


Plate I, with its Springs b and Slider K being firſt removed,)* it is repre- 
ſented as applied to the Microſcope at Figure 3. 


W is a round Obje& Plate, one Side black and the other white, for 


rendring Objects the more viſible, by placing them if black upon the 


white, and if white upon the black Side. A Steel Spring o turns on each 


Side to make any Object faſt, and a hollow Pipe p iſſues from the Object 


Plate which may be Grew upon the ſliding Wier's Point I. y is another 
black and white Object-Plate, to be ſtuck « on the aforeſaid Wires Point for | 
opake Objects. 

X is a {mall Braſs Box, with a Joint at q and a Glaſs on _ Side, its 
Uſe is to confine any living opake Object for Examination. This Box 
alſo hath a Pipe r, to fcrew over the End of the ſliding Wire l. 

Y, a Pair of Plyers or Forceps, to take up any Object, and manage it 
with Conveniency. 

Z, a ſmall Ivory Box, with Iſinglaſs, to be placed when wanted, in 1 any 


of the Toons Sliders. 


, Is a ſeventh Magnifier, ſet in vory, to be held in the Hand or laid 

in the black Eye-piece N, for viewing any large Object. 

t, A little Hair-Bruſh or Pencil, wherewith to wipe any Duſt from off 

the Glaſſes, or to take up any mall Drop of I one would examine, 
and to put it upon the Glaſs R. 

When a tranſparent Object is to be examined, thruſt the Ivory Slider 
which contains the Objects, between the Object carrying Plate I, and the 
Steel Springs (they being firſt opened to receive the Thickneſs of the Shder) 
and obſerve always to put that Side of the Slider where the Braſs Rings 
are, fartheſt from your Eye : Then turn the Magnifier you intend to uſe 
under the Eye-piece N, and ſet the Finger of the Hand on the fliding 
Piece Q, to the Mark anſwering the Number of the Magnifier. 

The Microſcope being placed on a Table near the Window, direct the 
Mirrour F towards the Sky, and then looking through the Eye-piece N 
upon the Object, placed next under the Plate I, turn the illuminating _ 

| © 5 
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F, fo about upon its Support H, and Joint v, till the Light is reflected 
upwards to the Object. 

If it ſhould then happen not to be at its due Diſtance from the Magni- 
fier, turn the Screw P at the ſame Time you are looking at the Ob- 
ject, till it be made to fit your Eye; which you will then know by its ap- 
pearing perfectly diſtinct and clear. 

I muſt here obſerve that the Screw P is to be turned as your Hands and 
Arms are reſting upon the Table, - which is a Conveniency to be met with 
in no other Microſcope. All others requiring the Obſerver to raiſe his 
Body and Arms in adjuſting the Object to fit his Sight; which is not only 
very troubleſome but tireſome too ; eſpecially if it requires any conſiderable 
Attention, Whereas in this new univerſal Microſcope a leaning Poſture is 
ſufficient, and conſequently the eaſieſt of all others for microſcopick Ob- 
ſervations. = 

When an opake Object is to be view'd, place the reflecting Speculum O 
exactly under the Eye-piece N; Fig. 1, and fix your Object either on the 
Point of the Sliding Wire l, in the Plyers m, in the Braſs hollow Box X, 
or on the Object Plate W, as may be moſt convenient according to the Na- 
ture of it; then apply this whole Apparatus mark d V, to the Microſcope, 
by putting its Stem n into the Hole L of the Pillar E : The Object carrying 
Plate being firſt removed. See Fig. 3. where this Apparatus is applied 
to the Microſcope. The Microſcope being placed upon a Table near the 


Window, direct the illuminating Glafs to the Light, fo as to throw it upon 


the Speculum O, then looking through the Eye-Piece N, and that Magni- 
fier you judge fitteſt for the Object you would examine; by the Aſſiſtance 
of the Steel Bar h, ſliding in its Socket g, the Point and Plyers ſliding in 
their ſpringing Socket k, together with the double Motion of the Joint i. 
The Object may be turn'd about, rais'd or depreſs'd, brought nearer to 
the Magnifier, or put farther from it, till you hit the true focal Di- 
ſtance, and the Light be reflected ſtrongly on the Object from the Spe- 
culum O. The Screw P, will alſo greatly aſſiſt in adjuſting the Object 
to fit your Sight. In this Manner an opake Object will be ſhewn ſurpri- 
zingly diſtin& and clear. EN: 5 
t is always beſt to view an Object at firſt with one of the leaſt Mag- 
nifiers, by which Means, you may examine the whole, or a large Part 
thereof at once, and then gradually to inſpect the ſeveral particular Parts, 
by ſucceſſively turning the larger Magnifiers, under the Eye-Piece N, and 
thereby gain a true Idea of the Whole and all its Parts. Altho' the greateſt 
Magnifiers can ſhew but a very ſmall Portion of an Object at once: Yet 
by gently moving the Slider that contains the Object, and ſometimes 
gently turning the Magnifier backwards or forwards within the Limits 
of the Hole in the Eye-Piece N, or if it be an opake Object by ſliding 
the Steel Bar h backwards or forwards in its Socket g, the Eye will my 
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larly ſurvey it all: And if any Part ſhould be out of Diſtance, it may be 


- © ealily rectified by turning the Screw P, one Way or the other. 


In uſing the firſt Magnifier in the Single Microſcope, the Object is re- 
quir'd to be brought ſo near the Glaſs, as almoſt to touch it; therefore par- 
ticular Care muſt be taken not to ſcratch it by rubbing the Slider, &c. againſt 
it; a few Turns of the Screw P will eaſily prevent it, and give it Room. 

The Objects may be changed in the Sliders for any other you think 
proper, by taking out the Braſs Rings which keep in the Glaſſes where the 
Objects lie, with the Point of a Penknife ; and if you turn the Slider, the 
Talcs will fall out: After which you may put what you pleaſe between 
them, -and replace the Rings. : ; 


CHAP. Il. 


Containing the Deſcription and Uſe of a New Uni- 
verſal Double Microſcope, invented and made by 
GEORGE AD AMs, at Tycho Brahe's Head, 1 

Fleet - Street, LONDON. 


MES Microſcope is compoſed of three double convex Lens's, two 
of which are placed in the Body thereof at a and b, and the Magni- 
fier at g, ſix of which belong to this Microſcope, and are fixed in a ſcol- 
lop'd Plate M, M, M, moveable about a Center at f, by which Means 
either of them may be readily turn'd under the other two Glaſſes, as at g, 
whereby the Trouble of ſearching out for different Magnifiers is remov'd. 
The Body of the Microſcope is ſupported by the Arm T, having a cir- 
. cular Collar, whereinto it may be ſcrewed, or from whence it may be eaſily 
taken; this Arm proceeds from the upper Part of the ſliding Socket 
Fs | 
The aforeſaid Socket T, f, together with the ſcollop'd Plate M M M, 
and the Body of the Microſcope ; may be moved up or down the ſquare 
Bar R S, which is divided into as many Parts (1, 2, 3, 4, 5, 6.) as there 
are Magnifiers of different Foci; ſo that the Diſtance of the Obje& from 
the Obje&t-Glaſs may be found without any Trouble, by ſetting the Finger 
of the Hand engrav'd upon the Socket, to the correſpondent Number of 
the Magnifier (then, under the Body of the Microſcope) on the Bar R S, 
and fixing it there by Help of the Screw b. But as it is ſcarce exactly 
enough determined this Way, the Object may be brought nearer to, or 
removed farther from the Magnifier at Diſcretion, by a Turn or two of the 
Screw P. Remembering at the ſame Time, the upper Hand is ** rec 
umber 
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Number on the ſquare Bar, to place the Index on the Piece Q, to the 
Flower-de-luce on the upright Pillar E. 

O, is a reflecting Speculum highly poliſhed, which muſt be placed at 

R, when an opake Object is to be viewed, on which a direct Light becomes 
reflected from the aforeſaid Speculum. 

The ſquare Bar R 8, fits into the Top of the upright Pillar E, and may 
be made faſt thereto by the Screw at æ. 

The Object-Bearer I, Ivory Slider, illuminating Glaſs F, with its Sup- 
port H, and round Piece G, and the Apparatus V, with its Nippers and 
ſliding Wire, Cc. having been ſufficiently deſcribed in the foregoing Chap- 
ter, I ſhall refer the Reader to that for the Uſes thereof, and alſo for a De- 
ſcription of the Apparatus, which is exactly the ſame as that repreſented in 
Fig. 2. and its Uſes and Application to this Univerſal Double * 
the very ſame as in the foregoing Univerſal Single One. 

I have allo adapted to either of theſe two New Microſcopes, a particular 
Apparatus for confining Frogs, Mice, Bats, &c. in order for viewing the 
Circulation of the Blood in the Meſentery, or any of the * — 
which will by and by be fully deſcribed. 

It remains therefore only to ſhew how theſe two New Microſcopes are 

beſt illuminated by Candle-Light, which is by letting the Rays of Light 
tranſmitted from the Candle, firſt paſs through a Glas Globe *, filled 
with Water before they fall on the illuminating Glaſs E, and if that ſhould 
prove too glaring, as it ſometimes does, interpoſe between the Globe and 

Microſcope, a Piece of thin oil'd Paper, by which Means moſt Sorts of 
Objects may be view'd as well by Night, as in the Day-Time. 

Either of the foregoing new invented. Univerſal Microſcopes, may be 
applied to the folar Apparatus, and may be had at my Shop ſeparate or 
together. They are very portable, and neatly packed up in ſmall Caſes. 

After having given a Deſcription of the new invented Univerſal Micro- 
ſcope, in both its Forms, that is to ſay, either ſingle or double; it is convenient 
to fay ſomething concerning the Ules thereof. And here I muſt inform 
the Reader, that my Curioſity and Deſire of rendering this Inſtrument as 
perfect as poſſible, hath engaged me to find out Methods, which might fully 
ſatisfy thoſe who are willing and deſirous of prying into the minute Re- 
ceſſes of Nature, and repeat the Experiments and Obſervations related in 
the following Natural Hiſtory. 

In order therefore to obſerve Flies, and other Inſects of the like Bulk, 
ſtick them upon the ſliding Wires Point, or pinch ſome Part of them be- 
tween the Nippers, and apply them under the reflecting Speculum O. 

I have already ſhewn that Lice, Fleas, Ants, and other Animals of the 
ſame Size may be obſerved alive, by being confined between the two 


For the Want of a Jeweller's Globe, a common globular Decanter, filled with clear Wa- 
Glaſſes | 


ter, will anſwer the ſame End. 
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Glaſfes 8, S, Fig. 2. They may alſo be pinch'd by the Breach between the 

Nippers m of the Apparatus V, Fig. 2. by which Means you will have 

he Pleaſure of obſerving all the external Parts of their Bodies, and may 

fometimes ſee other Animals running too and fro upon them, which feed 

on and torment them ; theſe are called Lice of the Louſe, and Fleas of 

- ze Flea, They may alſo be placed between two Muſcovy Talcs, as at 
, Fig. 2. in an Ivory Slider. 

"Mites of Cheeſe, and their Eggs, Lice of Birds, and the Inſects which 
infeſt Pears, Apples, &c. may be fixed upon the black and white Object- 
Plate, with a little Gum-Water, if they are opake, or if tranſparent, they 
may be ſtuck to rhe Odject- carrying Glaſs R, Fig. 2. with Gum Water; 
by which Means you may examine them with the greateſt Magnifier, and 


with Satisfaction and Delight view their internal Structure and the Periſtal- 


tick Motion of their Bowels, Sc. 

All the other Sorts of little crawling Animals, which are ſo very ſmall 
that one can hardly touch them without deſtroying their Lives, are beſt 
glewed as it were upon the Point of a fine ſewing Needle, dipped in Tur- 
pentine, (The Needle being firſt made faſt to the End of a ſhort Bit of 
Stick by Way of Handle to 15 If you do but juſt touch the Back or Side 
of any one 4 theſe minute Animals therewith, it will ſtick ſo faſt thereto, 


as not to be able to remove itſelf; by which Means they may be examined 


with Eaſe and Pleaſure. The ſewing Needle muſt be held between the Nip- 
pers m, of the Apparatus V, Fig. 2. and ſo placed before the Magnifier, 
either of Fig. 1, or 3. any Part of the Animal may be turn'd before the 
microſcopick Lens, by twiſting the Handle of the ſewing Needle, as you 
find Occaſion. 


Hairs, Wings of Flies, ſmall Feathers of Birds, Sc. are beſt perceived, 


and eaſieſt examined, when placed between two Muſcovy Talcs, in an 


Ivory Slider. 
All Sorts of inanimate Objects, ſuch as Grains of Sand, Seeds of Plants, 


Farina of Flowers, &c. may be commodiouſly examined, upon the Object- 


carrying Glaſs R, Fig. 2. if they are tranſparent; or if they are opake, 
ſtrew them lightly on one of the black and white Object Plates W or y, and 


apply them to the Microſcope, under the reflecting Speculum o. 


To preſerve any of theſe tranſparent Objects, place them in an Ivory 
Slider, between two Muſcovy Talcs, and the opake ones being thinly 
ſtrewed upon ſome of thoſe Holly Slips of different Colours (hereafter de- 
ſcribed in Chap. 10.) the Slips being firſt wetted with Gum-Water. 

In the Manner laſt mentioned, Objects of a larger Size may be pre- 
ſerved, ſuch as the Heads and ſcaly Wings, Cc. of curiouſly colour'd 
Flies, and may be conveniently placed before the Mieroſcope, by pinching 


the End, or any other Part of the Slip between the Nippers m, of the Ap- 
paratus V, Fig. 2 


Io examine the Animalcula in Fluids, thruft the Point of an Hair Pen- 


cil, 
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Double Microſcope. 9 
cil, or rather the Point of a Pin about one Tenth' of an Inch under 
the Surface of the Liquor, and near the Sides of the Veſſel, that a little 
of it may may be taken up and placed in the Hollow of the Object-car- 
rying Glaſs R, Fig. 2. which ſhould be no more than to form a Drop a- 
bout ++ of an Inch in Diameter, and that will be a Kind of Lake or Pond, 
in which you may diſcover a ſurprizing Quantity of extremely minute fiſh- 
like Animalcula of different Sizes, Figures, and Motions. 5 

J have already ſhewn how to apply the Tail of a ſmall Fiſh, and the 
| Foot of a Frog, to the Fiſh-Pan a, b, f, Fig. 2. in order to ſhew the Cir- 
culation of the Blood. And ſhall by and by explain another Method 
which I have contrived, for viewing the Circulation of that Purple Tide in 

Animals of a larger Size. 2 

The Eaſe and Readineſs with which every minute Object may be applied 
to this Inſtrument, hath render' d it the moſt univerſal and commodious of 
any other of the preſent Sorts, for by this one Inſtrument, all the particu- 


lar Uſes of every other Sort are obtained with leſs Trouble, and conſequently 
more Satisfaction to the Obſerver. 


VVV 
Of the Improved Solar, or Camera Obſcura Mi 


croſcope. 


THIS moft ſurpriſing Contrivance, is compoſed of a Looking-Glaſs, 

a Tube, and the Univerſal Microſcrope, Fig. 1, or 3, and as it de- 

pends entirely on the Sun-ſhine, is to be uſed in a Chamber, from whence 

all the Light muſt be excluded, except what paſſes through the aforeſaid 

Tube. — A Picture of the whole Apparatus put together, is ſhewn Fig. 4. 
and the other Side of the Solar Apparatus by itſelf, Fig. 5. 

Whereof A, A, in both the Figures, is a ſquare Braſs Plate, thro' which 
two Screws B, B, paſs ; their Screw-Nuts are ſeen at B, B, Fig. 4. and the 
Head of their Screw Pins at B, B, Fig. 5. A large Hole, 4+ Inches 
Diameter, muſt be cut in the Window-Shutter, which 1s ſomewhat big- 
ger than the Circle DD, Fig. 5. And then applying the ſquare Plate 
thereto, bore thro' it two other ſmall Holes, anſwerable to thoſe in the 
Plate at B and B. Put the Screw-Pins thro? theſe laſt made Holes in the 
Shutter, and with their Nuts, ſcrew the ſquare Plate faſt thereto, the Look- 
ing-Glaſs being without the Window. : 

In the Middle of the ſquare Plate A A, is made a circular Hole to receive 
the flat Braſs Ring D, D, on one Side, and on the other Side a narrower 
Ring F, whoſe Edge, which projects a little beyond the Hole, is turn'd 

C into 


to Improved Solar, Or 
into a ſhallow Groove a a, wherein runs a filken Line, which by twiſt ; 
ing round, and then croſſing over a Braſs Pulley G, performs an eaſy 
Motion for turning round the flat Wheel D, D, and all the Parts thereto 
alfred. 

, is a Braſs Tube, that ſcrews into the Middle of the two Braſs Rings 
D D, and F, and becomes a Caſe for the leſſer Braſs Tube I, to be drawn 
backwards or forwards in. | | 

K, is a ſhort Tube of Braſs, which fits into the Foot D of the Univerſal 
Microſcope, Fig. 1, or 3. the illuminating Glaſs F, and the round Piece G, 
being firſt taken out to make Room for its Reception. The Tube K, 
fits over another ſhort Tube L, which is ſolder'd to the End of the inner 
 Tubel, and is diſtinctly ſeen in Fig. 5. 1 | 
E, is a Looking-Glaſs of an oblong Figure, ſet in a Frame of poliſhed 
Braſs, and fixed to the broad Ring D, D, Fig. 5. by Means of a long 
Steel Screw M, going through a Joint at the Bottom of the Frame, and 
may be ſcrew'd in, or taken out at Pleaſure. At the Bottom of the 
Looking-Glaſs Frame, is fixed a circular Piece of Braſs N, againſt which 
the End of the Screw O preſſes, in order by ſcrewing it to elevate the Glaſs, 
which 1s deprefſed on its being diſcharged ; by the Force of a ſtrong 
Spring P, acting againſt a Bracket, fixed to the Side of the Looking- 
Glaſs Frame. Ft - 

R, a convex Lens, whoſe Focus is about 12 Inches, fixed at the out- 
ward End of the Tube H, to collect the Sun's Rays, and throw them 
{trongly upon the Object. Ok 

8, Fig. 4. is a Steel Pin, having one End of the filk String faſtened to 
it, by the Turning of which, the String may be tightened, if at any Time 
it ſhould be too lack; the other Extremity of its being tied by a Knot 
to the Ring F. 

When this Microſcope is uſed, the Room muſt be made as dark as 
poſſible; for on the Darkneſs of the Room, and the Brightneſs of the 
Sun-ſhine, you are to expect a perfectly clear and diſtinct Image. 

The Looking-Glaſs being put thro' the Hole in the Window-Shutter, 
and the ſquare Plate A, A, faſten'd thereto by its Screw Pins C, C, and 
Nuts B, B, as before directed. Screw the Tube H into the Middle of 
the Plate and Rings, and the double convex Lens R on its Outſide. Then 
adjuſt your Looking-Glaſs to the Altitude and Situation of the Sun, by 
Means of the Screw O, and the Silk-Line with its Pullies F and G, the 
firſt of theſe raiſes or depreſſes the Looking - Glaſs, and the latter by turn- 
ing the Boſs T, inclines it to either Side; by which compound Motion, 
the Glaſs is ſo readily managed, as to be brought into a right Direction 
for throwing the Sun's Rays thro' the double convex Glaſs R, and Tube 
H, upon a Paper-Screen, placed about 5 or 6 Foot Diſtance from it; and 

to 
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to form thereon a round Spot of Light, which is a Proof of your Glass 
being rightly adjuſted; but this muſt not always be expected, for the Sun 
is fo low in Winter, that if it ſhines in a direct Line againſt the Window, 
it cannot then afford a perfectly round Spot of Light, but if it be on either 
Side of you, it may be obtained even when the Sun is in the ſouthern 
Tropick. | | | 

Being thus far prepared, ſcrew the Tube K into the Foot D of the Uni- 
verſal Microſcope, Fig. 1. or Fig. 3. and (lip it over the ſmall End L Of 
the inner Tube I, (all which is repreſented as done and ready for Ule in 
Fig. 4.) and pull out the ſaid Tube I, more or leſs, as the Object is ca- 
pable of ſuſtaining the Sun's Heat. Dead Objects may be placed within 
about an Inch of the Focus of the double convex Lens R, which Diſtance 
muſt be ſhorrened for living Creatures, or they will ſoon be killed. 

If the Light falls not exactly right, you may readily direct it thro? the 
Axis of the Microſcopick Lens; and there keep it during the Time of 
your Examination, by the Help of the Screw O, and Boſs T, following 
the Sun's Motion. = | 

The Objects are to be managed and brought to their true focal Diſtance, 
by obſerving the Directions given in Chap. I. in the Deſcription of the 
Univerſal Microſcope, Fig. 1, that is, they may be placed between the Ob- 
ject- carrying Plate I, and Springs b, ſtuck upon the Point, or held in the 

Nippers, and adjuſted to their exact Focus, by the Screw P, Sc. 5 

4 moſt uſeful Magnifiers in the ſolar Microſcope, are the 4th, 5th, 
or 6th. SR 3 

Having taken Notice of a Screen to throw the Images of Objects upon; 
ſuch a Screen is uſually made of a Sheet of the largeſt Elephant Paper, 
ſtrain'd on a Frame, which ſlides up and down on a round mahogany Pil- 
lar, in the Manner of ſome Fire Screens. A larger Sort are compoſed 
of ſeveral Sheets of the ſame Paper paſted together on Cloth, and let down 
with a Roller from the Ceiling in the Manner of a large Map. | 

There are many Conveniencies in this, which no other Microſcope has, 
for as it ſhews Objects larger than any other Way, there is Reaſon to 
hope that further Diſcoveries will be made by it. - Beſides this particular 
Property it hath, that Numbers of People may view an Object at the fame 
Time, and may point to the different Parts thereof, and by diſcourſing on 

what they ſee, may underſtand each other better, and more probably find 
out the Truth, than when they are obliged to look one after another. 
Beſides the weakeſt Eyes may uſe it without the leaft Straining or Fa- 
tigue. By this Means alſo, an Object may be outlined exactly, and there- 
by a Drawing of whatever is curious be eaſily obtained. 


C 2 > CHAP. 


12 Screw-Barrel, Or 


HA 


The er tene of the Screw-Barrel, or Mr. 
WILSON's Single Pocket Microſcope. 


HIS Microſcope of Mr. Wilſon's, is an Invention of many Years 

ſtanding, and was in ſome Meaſure laid aſide, till Dr. Liberkun in- 
troduced the ſolar Apparatus, to which he applied it, there being no other 
Inſtrument at that Time would anſwer his Purpoſe ſo well; ſince which 
Time it has been revived, and eſteemed the beſt, tho' very troubleſome in 
moſt Caſes. 


The Body of the Microſcope i is reprefenced by AB, AB, Fig. 6. made 
either of Silver, Braſs, or Ivory. 


C0; AH long fine threaded Male Screw, that turns into the Body of 
the Microſcope. 

D, a convex Glaſs, at the End of the faid Screw; on which may be 
placed, as Occaſion requires, one of the two concave Pieces of thin Braſs, 
with Holes of different Diameters in the Center of them, to cover the ſaid. 
_ and thereby diminiſh the ene when the greateſt Magnifiers 
are uſed. 

E, three thin Plates of Braſs, within the Body of the Microſcope, one 
| whereof is bent ſemicircularly in the Middle, ſo as to form an arched 
Cavity for the Reception of a Tube of Glaſs. 

F, a Piece of Wood or Braſs, arched in the Manner of the faid Plate, 
and faſtened thereto. 

G, The other End of the Microſcope, where a hollow Female Screw 
is adapted to receive the different Magnifiers. 

H, a ſpiral Spring of Steel between the faid End G, and the Plates of 
Braſs E, intended to keep the Plates in a due Poſition, and counter act 
againſt the long Screw C. 

I, a ſmall turn'd Handle for the has holding the Inſtrument, to ſcrew 
on and off at Pleaſure, | 

To this Microſcope belong n different magnifying Glaſſes, fix of 
which are ſet either in Silver, Braſs, or Ivory, as in the Figure K, and 
are marked 1, 2, 3, 4, 5, 6. Obſerve the loweſt Numbers are the 
greateſt Magnifiers, 

L, is the ſeventh Magnifier, ſet in the Manner of a little Barrel, to be 
held in the Hand for viewing any larger Object. 

M, is a flat Slip of Ivory, called a Slider, with four round Holes thro⸗ 
it, Wherein to place Objects between two Muſcouy T alcs. 


Six 
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Six ſuch Ivory Sliders, and one of Braſs, are uſually ſold with this 
Microſcope, ſome with Objects placed in them, and others empty, for 
viewing any Thing that may offer, hut whoever pleaſes to make a large 
Collection of Objects, may have as many as he defires. | 

There is alſo a Braſs Slider, not expreſſed in the Figure, to confine 
any ſmall Object, that it may be viewed without cruſhing or deftroy- 
ing it. | 

N, is a Forceps, or Pair of Plyers, for the taking up of Inſects, or o- 
ther Objects, and adjuſting them in the Glaſſes. 

O, a little Hair Bruſh or Pencil, wherewith to take 
ſmall Drop of Liquid. 

P, is a Tube of Glaſs, to confine living Objects, ſuch as Frogs, Fiſhes, 
Sc. in order to diſcover the Circulation of the Blood. 

When you would view an Object, thruſt the Ivory Slider in which the 
ſaid Object is placed, between the two flat Braſs Plates; obſerving always to 
put that Side of the Slider where the Braſs Rings are fartheſt from the 
Eye. Then ſcrew in the magnifying Glaſs you intend to uſe, at the End 
of the Inſtrument G, and looking through it againſt the Light, turn the 
long Screw C C, till your Object is brought to the true focal Diſtance, 
which you will know by its then appearing perfectly clear and diſtinct. 
The Way of examining any Object accurately, is to look at it firſt thro* a 
Magnifier, that will ſhew the whole thereof at once, and afterwards to 
inſpect the ſeveral Parts more particularly with one of the greateſt Mag- 
nifiers; for thus you will gain a true Idea of the Whole, and all its Parts. 
And tho' the greateſt Magnifiers can ſhew but a minute Portion of any 
Object at once, ſuch as the Claw of a Flea, the Horn of a Loule, or the 

like; yet by gently moving the Slider that contains your Object, the Eye 
will gradually overlook it all; and if any Part ſhould be out of Diltance, 
the Screw C C will eaſily bring it to the true Focus. 

As Objects muſt be brought very near the Glaſſes, when the greateſt 
Magnifiers are uſed, be particularly careful not to ſcratch them, by rub- 
bing the Slider againſt them, as you move it in or out. A few Turns 
of the Screw C C, will eaſily prevent this Miſchief, by giving it Room 

enough. | . 
Ho to change the Objects in the Ivory Sliders, has been ſhewn in the 
firſt Chapter. | 

The Circulation of the Blood may be eaſieſt ſeen in the Tails or Fins of 
Fiſhes, in the thin Membrane between the Toes of a Frog's hind Foot, or 
beſt of all in the Tail of a Water-Newt. If your Object be a ſmall Fiſh, place 
it within the Tube, and ſpread its Tail or Fin againſt the Side thereof: 
If a Frog, chuſe ſuch an one as can but juſt be got into your Tube, and 
with a Pen or Stick, expand the tranſparent Membrane between the I oes 
of its hind Foot, as wide as you are able. When your Object is ſo * | 

h | | ed, 


up and examine a 


= Scrole to the 


ed, that no Part thereof can intercept the Light from the Place you intend 
to view, unſcrew the long Screw C C, and thruſt your Tube into the 
arched Cavity quite thro* the Body of the Microſcope ; then ſcrew it to the 
true focal Diſtance, and you'll ſee the Blood paſſing along its Veſſels with 
_ a rapid Motion. | | : 

Make Uſe of the third and fourth Magnifiers for Frogs, or Fiſhes ; 
but for the Tails of Water-Newts, the fifth or ſixth will do; the firſt or 
ſecond Magnifier cannot well be employed to this Purpoſe, for the Thick- 
neſs of the Tube, wherein the Object is placed, will ſcarce admit its being 
brought ſo near to the focal Diſtance of the Magnifier. 

This Single Microſcope of Mr. Wilſon's, has ſometimes been formed into 
a double one, by ſcrewing it to a Tube, with an Eye-Glaſs at the End 
thereof, it is alſo made to anſwer nearly the Purpoſes of the large double 
reflecting Microſcope, by the Addition of the following Contrivance. 

The beſt Light for viewing Objects, is a clear Sky-Light, the Sun 
ſhining on any white Thing, or the Reflection of its Rays from a Looking- 
Glaſs ; which laſt is found to be full as ftrong as any, and much more con- 
venient for Uſe, particularly in examining Laquids ; for if you hold this 
Microſcope up to to receive the Light from the Sky, your Liquid ſubſides, 
and is ſoon loſt; but when placed in a perpendicular Poſition, fo as the 
Rays of Light may be thrown from a Glaſs, fixed beneath it, you view it 

with more Eaſe, and leſs Inconvenience. For the Application of which 
obſerve, | | 


CHAP. V. 
A Contrivance for fixing Mr. WilsoNn's Pocket 
Microſcope, and refleftting Light to it by a 


Mirrour. 


A BC, Fig. 7. is a Braſs Scrole, which, for the better Conveniency of 
Carriage, is ſo order'd, as to take into three Parts, and put into the 
Draw upon which it ſtands, with its reflecting Mirrour, and Wilſon's 
Pocket Microſcope. 

The Top- Part of the Scrole is taken off at B, by unſcrewing half a 
Turn of the Screw; then lift it up, and it comes out of the Socket. The 
lower Part unſcrews at C, and the Baſe unſcrews at E. 

The Mirrour lifts out at F, which with the Scrole lie in one Partition 
of the Box. : | 
To apply this Scrole to Uſe, fix the Body of the Microſcope to the 
Top thereof, by the Screw A, as in Fig. 7. by ſcrewing it in the fame 
Hole as the Ivory Handle. 
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The Braſs or Ivory Slider being fixed as before deſcribed, and the Micro- 
ſcope placed in a perpendicular Poſition; move the reflecting Glaſs D in 
ſuch a Manner, as to caſt the Light of the Sky, the Sun, or a Candle, 
directly upwards, through the Microſcope; by which Means it is made to 
anſwer moſt of the Ends of a double reflecting Microſcope, hereafter to 
be deſcribed. | IK h 
It is alſo rendered more uſeful for viewing opake Objects, by ſcrewing 
the Arm Q, Fig. 6. into the Body of the Microſcope, at G, then ſcrew- 
ing into the round Hole R, that Magnifier, which you think will beſt ſuit 


your Object; and put the concave Speculum S, on to the Outſide of the 


Ring R, you will find in the Body of the Microſcope, between the Wood 
or Braſs F, and the End of the Male Screw C C, a ſmall Hole U, through 
which flide the long Wire T, which has a Point at one End, and Forceps 
at the other, that may be uſed occaſionally, as your Obje& requires : 
When you have fixed this, and your Object on it, turn the Arm R, 
which is performed by two Motions, till the Magnifier is brought over the 
Object; it may be then adjuſted to the true Focus, by turning the Male 
Screw CC, in the ſame Manner as before deſcribed. It muſt alſo 
be turned exactly over the Speculum, by twiſting the upper Part of the 
Scrole to one Side, till your Object, and the two Speculums, are in one 
Line, as will be found by Trial, and then fix it by the Screw B, at which 
Time the upper Surface of the Object will be ſo exceedingly enlightened 
by the Light reflected upward from the Mirrour, to the concave Specu- 
lum, as to be ſeen as clear and diſtin as any tranſparent one. 


CHAF. YL 


Of the Manner of applying Mr. WII sog Pocket 
Microſcope, to the Solar Apparatus. 


8 HE Solar Apparatus having been already defcribed in the 3d Chap. 

it remains only to ſhew how Mr. Wilſan's Pocket Microſcope, is to 

be applied to it. 3 3 
After having fixed the Apparatus to the Window-Shutter, and adjuſted 

it to the Altitude and Situation of the Sun, ſo as to form a round Spot of 

Light on the Screen. . | ; OE 
Screw the Tube H, Fig. 5. into the Middle of the Plate and Rings, 

taking Care not to alter the Looking-Glaſs ; then ſcrewing the Magnifier 

you chooſe to employ, to the End of your Wilſon's Microſcope, at G, 

Fig. 6. In the uſual Manner, take away the Lens D, at the —_ — 

thereof, 
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thereof, and place a Slider, containing the Object to be examined between 
the thin Braſs Plates E. 


Screw-Barrel Micreſcope. 


Things being thus prepared, ſcrew the Body of the Microſcope AB, 


by the Screw D, Fig. 6. to the ſhort Braſs Tube K, Fig. 5. which dip 


over the ſmal] End L of the Tube I, and pull out the faid Tube I, more or 
lets, as the Object is capable of enduring the Sun's Heart. 

The ſhort Tube K, which your Microſcope is ſcrew'd to, enables you 
by fliding it backwards or forwards on the other Tube L, to bring your 
Objects to their true focal Diſtance ; which will be known by the Sharp- 
neſs and Clearneſs of their Appearance: They may alſo be turned round 
by the ſame Means. 

For the Screen, and all the other Particulars, See Chap. 3. 


CHAP. Wil 
Of the Microſcope for Opake Oljeds. 


Fig. 8. is a fixed Arm, through which paſſes a Screw B, the other 
End whereof is faſtened to the moveable Arm C. 

D, is a Nut fitted to the ſaid Screw, which when turned, will either 
ſeparate or bring together the two Arms A C. 

5 E, is a Steel Spring, that ſeparates the two Sides when the Nut 1s un- 
rewed 

F;-8 Piece of Braſs turning round in a Socket, whence 3 a 
ſpringing Tube, moving on a Rivet, through which runs a Steel Wire, 
one End of which finiſhes in a Point G, and the other End hath a Pair 
of Plyers R ſolder'd to it; theſe are either to thruſt into, or to take 
up and hold any Object; and may be turned round as required. 

I, a Ring of Braſs, with a female Screw fixed on an upright Piece of the 
fame Metal, which turns on a Rivet, that it may be ſet at a due Diſtance 
vw the leaſt Magnifiers are uſed ; and ſerves the Screws of all the Mag: 
nifiers, 

K, a Concave Speculum of Silver poliſhed as bright as poſſible, in the 
Center of which a double Convex Lens is placed, with a proper Aperture 
to look through it : On the Back of this Speculum a male Screw L, is made 
to fit the Braſs Ring I, which may be ſcrewed into the faid Ring at Pleaſure. 

Four of theſe concave Specuia of different Depths, are fitted to four 


Glaſſes of different magnifying Powers; to be uſed as Objects to be ex- 
amined may require. The greateſt Magnifiers have the leaſt Apertures. 
M, a round Object Plate, one Side white, and the other black, intended 
to render Objects the more viſible, by placing them, if black, upon the 
white, and if white, on the black Side. A Steel Spring N, turns down 
on 
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on each Side to make any Object faſt ; and iſſuing from the Object Plate 
is a hollow Pipe to ſcrew it on the Needles Point G. 
O, a ſmall Box of Braſs, with a Glaſs on each Side contrived to confine 
any living Object, in order to examine it; this alſo has. a Pipe to ſcrew 
upon the End of the Needle at G. 


P, a turned Handle of Ivory to ſcrew into the Inſtrument when it is 
made uſe of, 


Q, a Pair of ren to take up any Object, or manage it with 4 
veniency. 


R, a ſoft Hair Bruſh to clean the Glaſſes or Specula. 

When you would view any Object, ſcrew the Speculum with the Mag- 
nifier you intend to uſe, into the Braſs Ring I, place your Object either on 
the Needle G, in the Plyers H, on the Object Plate M, or in the Braſs 
hollow Box O, as may be moſt convenient according to the Nature and Con- 
dition of it: Then holding up your Inſtrument by the Handle P, look 

againſt the Light through the magnifying Lens, and by means of the Nut 
D, together with the Motion of the Needle, by managing its lower End, 

the Object may be turned about, raiſed, or depreſſed, brought nearer the 
Glaſs, or put farther from it, till you hit the true focal Diſtance, and the 
Light be ſeen reflected from the Speculum ſtrongly upon the Object; * 
which Means it will appear very diſtin&t and clear. 


CHAP. VIII. 


A De of the Double Microſcope, commonly, 


though very zmpropert ly, called the Reflecting 
Mi croſcope. 


B C, Fig. 9, is the Body of this Microſcope, in which ſlides C D, 
the inner Tube, that contains all the Glaſſes. The Eye Glaſs is at 
E, the broad middle plano convex Glaſs at F, and the Object Glaſs being 
ſet in a Button at G, is ſcrew'd upon the End of the narrower Tube L, 
which being fixed in the Baſe of the inner Tube, paſſes freely through a 
Hole in the Baſe of the outer. 

The Buttons that contain the ſeveral Object Glaſſes are number'd 1, 2, 
3, 4, 5, and the Convexity of the 1 inner Tube, is alſo marked with dotted 
Circles number'd 1, 2, 3, 4, 5, in order to bring that Circle to coincide 
with the Mouth of the outer Tube, whoſe Number is the ſame as that of 
the Object Glaſs then made uſe of: But if the Object does not then appear 
quite diſtin, ſlide, or rather twiſt the inner Tube gently, higher or 


D lower, 
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18 Double Microſcopes. 
lower, or turn the Screw of the Magnifier gradually till the Object appears 
diſtinct. The greateſt Magnifie rs are known by their having the ſmalleſt 
Apertures. | 3 
The Baſe B C of the outer Tube is ſupported by three Braſs Pillars on 
Scroles, fixt on a Mohogany Pedeſtal H K, in which is a Drawer L, to 
hold the Magnifiers and other Parts of the Apparatus. A little below the 
Object-Glaſs is fixed a Plate M, like a Stage between the Pillars. 

N, three ſmall braſs Circles with Holes thro' the Middle of them which 
are to be placed over the Hole in the Middle of the Stage, and then the Ivory 
Slider O may be put between the two uppermoſt, which are preſſed toge- 
ther by a ſpiral ſpringing Wire lodged between the two undermoſt. The 
two outermoſt being held together by four ſmall Pillars paſſing through four 
Holes in the Circumference of the middle Circle. 

P, is a Fiſh-pan to faſten a ſmall Fiſh on, to ſee the Circulation of the 
Blood, its Tail being ſpread acroſs the oblong Hole at the ſmalleſt End; 
then by ſhoving the Button inwards through a Slit made in the Stage, a 
ſmall Braſs Spring under the Stage will keep it ſteady ; for viewing it the 
Tail may be brought exactly under the Magnifier, by turning the Pan on 
the Button, or by ſhoving it inwards or outwards along the Slit in the 
Stage. % : 5 
All tranſparent Objects are well illuminated in this Microſcope, either 


by Candle or Sky-Light reflected upwards from a concave Looking Glaſs 


R, placed in a Frame upon the Center of the Pedeſtal. While you are 
viewing the Object through the Microſcope, turn this Concave upon its 
horizontal Poles a b, and you will ſoon find out that Poſition of it wherein 
it reflects the moſt Light through the Hole c upon the Object. 

Opake Objects when laid upon the Plate s, which is on one Side black 


Ebony, and on the other a Piece of white Ivory, being laid over the 


Hole c, in the Stage may be illuminated by the Light of the Sun- ſnine or 


a Candle tranſmitted through a double Convex Lens a, which by turning 


on two Screws, e, d, and the Foot of it put into the Hole f of the Stage. 
The Candle muſt be placed in a Line drawn from the Object through the 
Middle of this Lens at ſuch a Diſtance to be found by Trial as will form 
the ſmalleſt Spot of Light upon the Object Plate. By Day- light this Glaſs 


Is of no Service. 


T, an Ivory Cone to ſcrew on to a male Screw under the Center of the 
Stage: Its Uſe is to intercept ſome Part of the oblique Nays when the firſt 
and fecond Magnifiers are uſed. | 
V, a Glaſs Tube to put a ſmall Frog or Newt in, to ſee the Circulatio 
of the Blood. When the Object is well expanded on the Inſide of the 
Tube, ſlide it over the Hole c, in the Center of the Stage; and bring that 
Part of the Object you would examine directly under the Magnifier, 7 

b 7 
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W, a Cell, containing a concave and a plain Glaſs, is to confine Fleas, 
Lice, Mites, or any ſmall living Objects, and being placed over the 
Middle of the Stage may be viewed with Eaſe. | 

X, a plain circular Glaſs to be placed over the Center of this Stage to 
lay any Objects on that may at any Time offer, and a looſe concave 
Glaſs being laid with its hollow Side downwards, will eaſily confine 
any living Inſect. | 

Y, a long Steel Wire with its Pliers and Point to hold or ſtick Objects 
on, flips backwards and forwards in a ſhort Braſs Tube, which by the But- 
ton fits into the Hole of the Stage, and then it may be conveniently ma- 
naged under the Magnifier, | ; 

O, a flat Piece of Ivory called a Slider with four round Holes through it, 
and Objects placed in them between Muſcovy Tales. | 
Z, a little round Ivory Box to hold Iſinglaſs for the Sliders, 

U, a ſmall Hair Bruſh to wipe any Duſt off the Glaſſes, or to apply a 

Drop of any Liquid. | 
IJꝙ, a Pair of Nippers to take up any Object to be examined. 


N. B. When the Body of this double Microſcope is made of Braſs, it is 
ſupported with a ſingle Pillar, to which is fixed a ſliding Bar, an adjuſt- 
ing Screw, and a concave Speculum for opake Objects, Sc. But as 
this Apparatus comes to double the Price of that juſt deſcribed, and be- 
ing not at all better for Uſe, I have omitted a drawing thereof. | 


CHAT 


Of a Single or Double Microſcope, what, how it 
mnagni es, and why, 


Single Microſcope is only a very ſmall Globule of Glaſs, or a double 
A convex Lens, whoſe focal Diſtance is very ſhort. The former be- 
ing at preſent diſus'd, I ſhall confine myſelf only to a Deſcription of the 
Nature and magnifying Powers of the latter. 

A thin Piece of Glaſs bounded on one Side by a poliſhed plane Surface, 
repreſented by the Line E F, Fig. 10, 11, and on the other Side by a 
ſmall Portion of a poliſhed ſpherical Surface, repreſented by the Arch 
ACB; or bounded on both Sides by ſpherical Surfaces ACBED F, 
Fig. 12, 13, 14. is called a Lens, or ſimply a Glaſs; and by Mathema- 
ticians is conceived to be generated or deſcribed by turning the Figure 
ACBFDE round about the Line C D, drawn through the Middle of 
ir, perpendicularly to both its Sides. 

. D 2 This 
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This Line produced is therefore called the Axis of the Lens; and paſſes 
through G and H, the Centers of its Surfaces. | 

The Points C D, where it cuts the Surfaces, are called the Vertexes of 
the Lens, and the middle Point between them is called its Center. 
The 1oth Figure repreſents a plano Convex, the 11th a plano Concave, 
the 12th a double Convex, the 13th a double Concave, and the 14th a 
concavo Convex, or a Meniſcus Lens. | 

As Rays of Light are thrown out and diſperſed in all poſſible Directions 
from every Point of a luminous Body; fo as they illuminate other Bodies 
upon which they fall, they are alſo inceſſantly thrown back from, or tranſ- 
mitted through every Point of theſe Bodies. For the Points of opake and 
tranſparent Bodies ſo enlighten'd, are viſible to the Eye, at any Point of 
Space, and in any Point of Time, as well as the Points of the luminous 
Body that enlightened them. The numberleſs Rays which flow from all 
viſible Bodies, called Objects, are conſidered as conſiſting of ſo many 
phyſical Points, and theſe Points are conceived to radiate all Manner 
of Ways. | 

The Point Q, Fig. 15. from which Rays diverge, or towards which 
they converge (being made to go back towards the ſame Point, though 
they may never meet at it) is called the Focus. And in both Caſes, an 


y | 
Parcel of theſe Rays, as QB C, or QB A conſidered a-part from the 


reſt, is called a Pencil of Rays; and theſe Rays are ſaid to belong to that 
Focus, whether they be near at Hand, or at an immenſe Diſtance ; and in 
the latter Caſe, the Rays are called, and conſider'd as parallel, or equi-di- 
ſtant from each other ; becauſe the Difference of their Diſtances at any 
two given Places is inſenſible, as thoſe from the Sun, and other vaſt! 


diſtant Objects. A B, Fig. 16. repreſents ſuch parallel Rays, which falling 
upon the Lens CD, are made to approach nearer and nearer together in 
their Progreſs ; tending to one certain Point, where they all unite. Thus 


the Rays proceeding from the Lens C D, to the Point E, are called con- 
verging Rays; and the Point E their Focus, where they croſs, and conti- 
nually recede from each other as they paſs along. So that thoſe Rays flow- 
ing from the Point E, towards F G, are called diverging Rays. 
Let AB, Fig. 17. be a double convex Lens, E F the Object at its Fo- 
cus C; G, the Eye very near the Lens E F, the Rays coming from the 
Object, will, after their Refraction, fall parallel + upon the Eye, and con- 
ſequently make diſtinct Viſion, For the Fabrick of the Eye having its fo- 
cal Diſtance juſt at the Bottom of it, upon the Retina, requires that the 


Rays from each ſingle Point, ſhould fall nearly parallel, in order to be there 
collected; that is, that the Baſis of each Cone of Rays, flowing from every 


® Smith's Opt. p. 6. + Greg. Opt. 170. 
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Point of an Object, which Baſis is the Pupil of the Eye, ſhould bear fo 
ſmall a Proportion to the Length of the Cone, as that theſe Cones may be 
looked upon as little Cylinders. The Diſtance requiſite for diſtinct Vi- 
ſion, is not limited to a Point, but is indulg'd in larger Bounds; becauſe 
Nature has furniſh'd us with the Power of contracting the Pupil, as the 
Object comes nearer ; and ſo diminiſhing the Baſis of each Cone in Pro- 
portion, and conſequently of preſerving diſtin Viſion ; but this is only to 
a certain and that no very great Degree. 
Therefore a minute Object E FE, ſeen diſtinctly thro* a ſmall Glaſs Lens 
AB, by the Eye put cloſe to it, appears ſo much greater than it would to 
the naxed Eye; placed at the leaſt Diſtance E D, from whence it appears 
ſufficiently diſtinct, as this latter Diſtance E. b, is greater than the 
former E C; for having put your Eye cloſe to the Glaſs A B, in Order 
to ſee as much of the Object as poſſible at one View, remove the Object 
to and fro till it appears moſt diſtinctly, ſuppoſe at the Diſtance CE, Jen 
conceiving the Glaſs A B, to be removed, and a thin Plate AB, with a Pin- 
hole in it, Fig. 18. to be put in its Place, the Object will appear diſtinct, 
and as large as before when ſeen thro' the Glaſs, only not ſo bright. For 
if the Hole be ſo ſmall as to admit but a ſingle Ray, from every diſtinct 
Point of the Object, theſe Rays will fall upon the Retina, in as many other 
diſtinct Points, * and will make a diſtinct Picture ; and when the Pencils of 
Rays fall upon a thin Lens, their Axis go ſtrait thro* the Middle of it, and 

conſequently will proceed to the ſame Points upon the Retina, as when 
they paſſed thro*' the Hole. Now ſuppoſing the Lens to have ſuch a Fi- 
gure, that the Rays of every Pencil ſhall be refracted by it, and by the 
Eye together, to thoſe very Points of their Axis which touch the Retina, 
the Picture will {till be diſtin&t ; and will be the fame in Magnitude and 
Poſition as before. The only Difference in the Effects, between the Hole 
and Lens, will be in the Degree of Brightneſs upon the Retina. And in 
this latter Caſe, the Object appears ſo much greater than it does to the na- 
_ ked Eye, at the Diſtance E D, either with the Pin-hole, or without it; 
as the Angle CE F, is greater than the Angle A D E, or as the latter Di- 
ſtance is greater than the former. 

Since the Interpoſition of the Glaſs has no other Effect than to render 
the Appearance diſtinct, by helping the Eye to increaſe the Refraction of 
the Rays in each Pencil, it is plain, that the greater apparent Magnitude 
is entirely owing to a nearer View than could be taken by the naked Eye. 
If the Eye be ſo perfect, as to ſee diſtinctly by Pencils of parallel Rays 


falling upon it, the Diſtance C E of the Object from the . is then the 
focal Diſtance of the Glaſs. 


* Greg. Opt. p. 171. f Smith, Opt. p. 37. Now 
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Now if this focal Diſtance of the Lens, be x of an Inch, and if the Di- 
ſtance E D be 8 Inches from the Object, the uſual Diſtance at which we 
view minute Objects, the apparent Image, or Diameter of the Object, may 
be ſaid to be ſo much magnified, as thoſe 8 Inches exceed the little 
Space C FE, or the focal Diſtance of the Lens A B, which is at the Rate of 
40 to 1. Therefore the leſs the focal Diſtance of the little Lens is, the 
greater will its Effects be in dilating the Image of a ſmall Object; (for if 
its focal Diſtance be yet ſmaller, ſuppoſe s of an Inch; the Diameter or 
Length of an Object will appear 160 Times longer thro' ſuch a Lens, 
than to the naked Eye, at 8 Inches; its Surface 15600 Times greater, 
and the Solidity or Bulk would be magnified tc 2,496,000 Times) inſo- 
much that its focal Diſtance may be ſhortened, till it is reduced to an 
infinitely ſmall Spberule. Tho' there are ſome Inconveniencies which here 

offer themſelves, and forbid our going beyond certain Limits; for "theſe 
ſmall Spheres are inferior to little Lens's, on this Account, that for the 
ſame Degree of magnifying, the Lens's are three Times more diftant from 
the Object than the Spheres, the Effects of which are thus demonſtrated. 
Let there be a Glaſs Sphere, Fig. 19. whoſe Center is A, and Axis B D, 
in which, produced on both Sides, the Eye is placed at H, and the Ob- 
Ject at C, each of the Diſtances B H, D C, being taken equal to half the 
Radius A B, and conſequently the Point C is the Focus, where Rays falling 
parallel to the Axis B D, upon the Sphere at B G, are after Emmerſion 
collected. Wherefore an Object placed at C, will ſend Rays upon the 
Sphere, which will, after Refraction, be received parallel by the Eye, and 
conſequently make diſtinct Viſion. But if we take the Point L, ſuch that 2 
L B may be equal to the Radius A B, the Point L is the Focus, towards 3 
which parallel Rays, after Refraction, at the firſt Surface D E tend in their | 
Paſſage through the Sphere, and from which they are diverted after Re- 
fraction at their Emmerfion, and collected at H. Make E F parallel to the 
Axis, and comprehending the Portion of the Object C F, and draw the 
right Line FH. The Ray F E being refracted at E, proceeds according 
to E L, and being again refracted at G, goes on to meet the Eye at H, 
wherefore the Line C F is ſeen under the Angle BH G, and would appear to 
the naked Eye under the Angle C H F, which is but half the former Angle. 

Becauſe B L is double to B , the Angle B H G is double to B L G, 
but H L is parallel to F E, and to be looked upon as equal to it, or to the 
right Line DC; becauſe C F is to be a Line very ſmall, with Reſpect to 
the Diameter of the Sphere. Therefore the Angle B H G is alſo double 
of the Angle C H F, and conſequently equal to the Angle C A F. From 
whence it is plain, that to the Eye placed at H, the Line C F will a 
under the fame Angle, in which it would appear to the naked Eye, ſeeing 
from the Point A. Whence if the Diameter of the little Sphere B D, 
were rr of an Inch, we ſhould have A C equal to 77 of an Inch; which 
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Microſcopes explain d. 23 
is to the Diſtance of 8 Inches in the Proportion of 1 to 128, ſo that the 
Magnitude of the Object will be increaſed 128 Times. 

But if K E, the focal Diſtance of the Lens MN, Fig. 20. be equal to 
the right Line A C of the laſt Figure; we have ſhewn, that by this Means 
the Object L P would be ſeen in the ſame Magnitude, as if the Eye were 
placed at K, without the Lens; nor in uſing this Lens will the apparent 
Magnitude be any Ways changed, in whatloever Part of the Axis K E, 
produced, the Eye be placed. Therefore, tis plain the ſame Degree of 
magnifying, and the ſame Effect every Way is performed equally by the 
Lens M N, Fig. 20. and the little Sphere B D, Fig. 19. and it is alſo ma- 
nifeſt, that the Diſtance K L, is equal to thrice D C, QED. 

If an Object A B be placed in one Focus of a Lens M N, Fig. 21. and 
the Eye in the other Focus D; ſo much of the Object as is equal to the 
Diameter of the Lens, will be ſeen by the Eye, for the Rays A M and 
B N, which flow from the Object to the Extremities of the Lens, proceed 
from thence converging, till they meet at D the Focus; muſt neceſſarily 
paſs from the Object to the Lens, parallel to the Axis, and therefore pa- 
rallel to each other. Conſequently that Part only of the Object A B, ſeen 
by the Rays MD, and N D, will be equal to the Diameter of the 
Lens MN. 
lf the Lens be covered with a thin Plate, and only the Part mn, 
Fig. 21. be left open, then only ſo much of the Object a b, as is equal 
thereto, will be perceived by the Eye. For as A Bis equal to MN, or 

abtomn; the Angle MDN, or mDn, is the Meaſure under which 
| Part of the Object A B, or m n appears to the Eye at P. 

In order to ſee a larger Portion of an Object than the Lens, or its Aper- 
ture; the Eye muſt be placed nearer the Lens, than its Focus; for, let 
the two Foci of the Lens MN, Fig. 22. be H and G. Let an Object 
A B be placed in the laſt Focus, larger than the Lens. The Rays proceed- 
ing from the Extremities A B of the Object, towards the Lens, will, after 
_ Refraction, unite in the Point C, between the Lens M N, and its Focus 
H. Therefore if the Eye be placed at C, its Field of View or Portion of 
an Object, will be greater than the Lens MN. 

If E F be a Portion of an Object leſs than the Lens, the Rays E M, 
E N, produced to the Extremities of the Lens, will after Refraction unite 
in a Point D, farther diſtant from the Lens, than the Focus. From whence 
it appears, that if the Eye be placed farther from the Lens than its Focus, 
it cannot ſee any Part of an Object ſo large as the Lens, but always 
ſmaller. 

Therefore, in the Univerſal Single Microſcope, I have contrived 
the Manner of fixing the Magnifiers, which are Double Convex 
Lens's, ſo as to admit the Eye to be placed almoſt cloſe to them, by 
which Means we always ſee a Portion of an Object larger than the Aper- 
ture 
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ture of the Lens. And in this Way of uſing ſingle Lens's, microſcopick 
Objects appear exceedingly diſtinct and clear, and are in all Reſpects far 
preferable to the Double Microſcopes, which are compos'd of three con- 
vex Glaſſes. ; | . 

Upon the Apertures of Microſcopes, all their Effects and Virtue entirely 
depend. It is therefore to be obſerved, that in ſingle Lens's, if their focal 
Diſtance be about à an Inch, or greater, there will be no Occaſion for li- 
miting the Aperture, in order to make diſtinct Viſion ; becauſe the ve 
Narrowneſs of the Pupil of the Eye excludes as many of thoſe Rays 
which diſturb Viſion, as is neceſſary, and as much as they would be exclu- 
ded, if the Lens were made to have a leſs Aperture. But in ſmaller Lens's, 
where this Limitation of the Aperture is neceſſary, the Rule is, that the 
Diameters of thoſe Apertures ſhould be in the ſame Proportion with the 
focal Diſtances of their reſpective Lens's, in order to have the Object ſeen 
by both equally diſtinct. But the Light or Brightneſs will be in a duplicate 
Proportion of thoſe focal Diſtances“; ſo that the more convex the Lens 
is, the greater indeed, but then the more obſcurely will the Object be 

ſeen. | 

In my Univerſal Microſcope, J have contrived the black Eye-Piece N, 
in ſuch a Manner, as to receive any Lens, whoſe Aperture wants no Li- 
mitation, and have taken Care to limit all the Apertures of the fix Mag- 
nifiers, ſo as to admit as much Light as poſſible, without deſtroying diſtinct 
Viſion, an Advantage which few of the modern Microſcopes have. 

In order to find the magnifying Power of any Lens, we need only find 
its exact focal Diſtance in 100th Parts of an Inch (which is eaſily done 
by ſetting a minute Object in the Microſcope, ſo as to appear perfectly 
clear and diſtinct; this Diſtance meaſured on a Scale of an Inch, divided 
into 100 Parts, will give its true focal Length ;) and by computing 
how many Times thoſe Parts are contained in 8 Inches, we ſhall have the 
Number of Times the Diameter of an Object is magnify'd to, and that 
Number multiplied into itſelf, will produce the Magnitude of the Superfi- 
cies, which Product, multiplied by the Diameter, will ſhew the Solidity 
or magnified Bulk. : GD = 

It was with theſe Sorts of ſingle Microſcopes, that the famous Mr. Leeu- 
wenhoeck made ſuch wonderful Diſcoveries ; and it was this Conſideration 
which induced me to contrive an Apparatus that ſhould make theſe ſingle 
Microſcropes eaſy in Uſe, to thoſe Gentlemen whoſe Curioſity leads them 
to ſearch into the minute Receſſes of Nature, and thereby be taught to 
contemplate and adore the wonderful and ſurprizing Contrivance of Nature's 
ALMIGETYY Architect. | 


* Gregory's Opt. p. 184. 


BY 


( 
Of Double Microſcopes. 


A double Microſcope is compoſed of two convex Glaſſes, placed at E 
and L, Fig. 23. the Glaſs L next the Object P Q is very ſmall, and very 
much convex, and conſequently its focal Diftance L F is very ſhort ; the 
Diſtance L Q of the ſmall Object P Q. is but a little greater than LF; 
ſo that the Image p q may be formed at a great Diſtance from the Glaſs, 
and conſequently may be much greater than the Object itſeif. This Pic- 
ture pq being viewed through a convex Eye Glaſs A E. whoſe focal Di- 
ſtance is q E, appears perfectly diſtinct. Now the Object appears magni- 
ficd upon two Accounts, firſt, becauſe if we view its Picture pq with 
the naked Eye, it would appear as much greater than the Object 
at the ſame Diſtance, as it really is greater than the Object, or as much 
as L q is greater than LQ; and ſecondly, becauſe this Picture appears mag- 
nified through the Eye-Glaſs, as much as the leaſt Diſtance, at which it can 
be ſeen diſtinaly with the naked Eye, is greater than q E, the focal Di- 
ſtance of the Eye Glaſs. For Example, if this latter Proportion be 5 to 1, 
and the former of L q to LQ, be 20 to 1, then upon both Accounts the 
Object will appear 5 times 20, or 100 times greater than to the naked Eye. 

To fit theſe Microſcopes ro ſhort-fighted Eyes, the Glaſſes E and L. 
muſt be placed a little nearer together; ſo that the Rays of each Pencil 
may not emerge parallel, but may fall diverging upon the Eye; and then 
the apparent Magnitude will be alter'd a little, but ſcarce ſenſibly. 

In the laſt Example, let us ſuppoſe the Eye-Glaſs E A to be 1 Inch 2 
Focus, which will be found exactly 5 times in 8 Inches, the Diſtance at 
which the ſame Object would be ſeen diſtin by the naked Eye. There- 
fare this Eye-Glaſs magnifies 5 times; and if the Object Lens L, has 
for its Focus L Q + of an Inch, and the Picture be formed at P q, whoſe 
Diſtance L q is 5 Inches, the Picture will be magnified 20 times; becauſe 
- the Diſtance L Q of an Inch is contained 20 times in L q, 5 Inches; 

— this Picture magnified 5 times greater (as appears above) by the Eye- 
Glaſs E A, and therefore 5 times 20, that is 100 times. ; 

The Length being magnified 100 times, the Surface of Objects will 
be magnified 10000 Times, and their Solidity or Bulk 1000000 times. 
Altho' we can readily, by this Method, find out the magnifying Powers 
of the ſeveral Sorts of Microſcopes, yet our Notions of the comparative 
Smallneſs of any minute Object, muſt be aſſiſted by a. larger one, whoſe 
Dimenſions we know, and by finding how many Times the leſſer is con- 
tain'd in the greater; which ſhall be the Subject of the remaining Part of 
this Chapter. 


* Smith's Opt. P. 41. 
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26 Microſcopes ea plain d. 
Mr. Hook's Method of computing the Magnitude of Objects, ſeen in 


the Microſcope, was, after he had adjuſted the Microſcope, to ſee the Object 
very diſtinctly: At the ſame Time that he look'd upon the Object thro? 


the Glaſs with one Eye, he looked upon other Objects at the ſame Diſtance 


with his other bare Eye, by which Means he was able, by the Help of a 


Rule divided into Inches and ſmall Parts, * and laid on the Pedeſtal * the 
Microſcope, to caſt up, as it were, the magnified Appearance of the Object 
upon the Rule, and thereby exactly to meaſure the Diameter it appears of 
through the Glaſs; which being compared with the Diameter it appears of 
to the naked Eye, will eaſily afford the Quantity of its magnifying. This 
Method is very eaſy to thoſe Perſons who can accuſtom themſelves to ſuch 
a Practice, I mean of obſerving two Objects at the ſame Time, one of them 
with one Eye by direct Viſion, and the other by refracted Viſion, through 
the Glaſs. It is indeed a Method J have practiſed with Succeſs to eſtimate 
the magnifying Power of Teleſcopes for many Years. | 

The Method Mr. Leuwenboet made uſe of to compute the Size of Ani- 
malcules in Water, in Semine Maſculino, the Salts in Fluids, &c. was 
comparing them with a Grain of Sand, one hundred of which laid in a 
Row, will but juſt equal an Inch in Length. Then conceiving one ſingle 
Grain of Sand, magnified to the Bigneſs of Fig. 24. A B C; and ſeeing 
an Animalcule ſwimming, or running by, or acroſs it, the Magnitude of 
Figure D. The Axis of which he eſtimates by his Eye, and concludes 
it to be a twelfth Part of the Axis D C of the Grain of Sand. From 


| whence it follows by the common Rules, that the Figure of the Body or 


Sphere A B C, is 1728 times larger than the Sphere D. 

Alſo amongſt the reſt, he ſees a ſecond Species of Animalcules E, the 
Diameter of which, by the Help of a very good Microſcope, he alſo mea- 
ſures, and eſtimates it to be a Fifth; but left he ſhould exceed, ſets it down 
to be only four times leſs than the firft Animalcule D ; therefore according, 
to the former Rules, the Animalcule D is 64 times larger than that of E. 
Likewiſe upon a cloſer View, he ſees a third Species of Animalcules F, > 4 
leſs than the ſecond, whoſe Diameter he meafures by Eſtimation as bef 
and judges it to be 10 times leſs than the Diameter of the Ammalcule 
Therefore the Animalcule, Fig. E, is 1000 times bigger than that of F. 

In multiplying the firſt Sort by the ſecond, and that again by the third, 
will plainly ſhew how many of theſe laſt are required to fill a Sphere no 
bigger than a Grain of Sand, viz. 


* Preface to Hook's Mycographia, printed Anno 167 . 
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Diameter of D 12 times leſs than a Diameter of E 4 times leſs than 
12 Grain of Sand. 4 that of D. 
144 | 16 
12 4 
e | 1 | Sort D. 
| 1728 ina Grain of Sand. 64 in one of the firſt 
55 5 5 of Sand. 
The third Sort F, whoſe Diameter 1728 of the firſt Sort D in a Grain 
is leſs than that of E, 64 of the ſecond Sort E in one 
10 times — of the firſt Sort D. 
10 6912 
— 10368 | 
100 | —— of Sand. 
10 110, 592 of the 2d Sort E in a Grain 
1000 of the 3d Sort F in one 
LOOO in one of the 2d Sort. “!ff! of the 2d. 


110, 392, oo0 of the 3d Sort F, contained 
in a Sphere no bigger than a Grain of Sand “. 
The ingenious Dr. James Turin, in his excellent Diſſertation on Phy/ico 
Mathematical Subjests, Pag. 45. has taught us a more accurate and ready 
Way of meaſuring microſcopick Objects; as follows, 
He firſt twiſts a very fine filver Wire a great many times upon a ſlender 
Pu, fo cloſely as to leave no Interval between the Wreaths, which he 
carefully examines by a magnifying Glaſs ; then he takes the Interval of 
the outermoſt Wreaths, between the Points of a Pair of fine Compaſſes, 
and applies this Extent to a diagonal Scale of Inches, and by dividing this 
Meaſure of that Extent by the Number of Wreaths therein contained, he 
obtains the Thickneſs of the Wire itſelf. Then cutting it into very ſmall 
Bits, and ſcattering them upon the Object-Plate, he places the Object up- 
on them, if tranſparent ; or the Wires upon the Object, if it be opake ; 
and by the Eye he compares the Parts of the Object, with the Thick- 
neſs of thoſe Wires that happen to lie contiguous to the. 
Thus he obſerved, that 4 Globules of human Blood would generally 
cover the Breadth of a Wire, which he had found to be 2 Part of an 
Inch, and by Conſequence, that the Diameter of a ſingle Globule was 
re Part of an Inch, which was alſo confirm'd by Mr. Leeuwenboek's Ob- 
ſervations upon human Blood, made with a Piece of the ſame Wire tranſ- 
mitted to him from Dr. Furin. Philoſ. Tranſ. No 377. 
This Method of Dr. Furin's gave Riſe to another which I have con- 
trived, that is, a Method of ſtraining a few of theſe ſmall Silver Wires, in 


* Vide Leeuw. Exp. & Contemp. Tom. IV. Pag. 23. c 
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form of a Lattice; in ſuch a Manner, that the Diſtances between the Wires 
are exactly equal to the Diameter of the Wire itſelf. By which Means 
having a Wire, whoſe Diameter is a certain known Part of an Inch, we 
may be able to meaſure a very ſmall Animalcule, &c. and be more exact 
in our Calculations, than by either of the former Methods. For by placing 
this Lattice of Wires, cloſe under a Muſcovy Talc, upon which the Odject 
may be placed, if it be tranſparent, or placing the Lattice over the Object, 


if it be an opake one. And when the Object is adjuſted to the Magnifier, 


the Parts thereof may be eaſily compar'd with the Number of Wires and 
Intervals, and their true Magnitude, or Dimenſions very nearly known, or 
if I obſerve the Diameter of an Object to be juſt the ſame with one Wire, 
or an Interval, I know it is the 360th Part of an Inch, ſuppoſing the Wire 

of that Size. If half that Width, the 1120oth Part of an Inch; if one 


Quarter of the Width, the 2240th Part of an Inch, and ſo on ad infinitum. 


Or thus, if an Object cover but the 6th Part of the Diameter of a Wire 
or Interval, it will be but 336oth Part of an Inch in Diameter, which 


_ multiplied into itſelf, will ſhew the Superficies to be the 11,289,600th 


Part of an Inch, and that Product multiplied by the firſt Number will ſhew 
the Solidity to be the 37933,056,000th Part of an Inch, and thus may the 

Minuteneſs of any Object be exactly determined. N 
However, this laſt Method, tho' infinitely better than any other in Prac- 


tice amongſt us, is ſtill deficient an this Account; if the Object be conſi- 
ſiderably leſs than the Diameter of one ſingle Wire or Interval between 


the Wires, we are obliged to eſtimate, or gueſs its Proportion to that Dia- 
meter or Interval; but if the Object be no ſmaller than one fourth Part᷑ of 
ſuch Interval, the Eye is able to determine that to the utmoſt Exact neſs 
poſſible. 1 V 

I have, therefore, to remove this Deficiency, invented a particular and 
curious Micrometer, applicable both to ſingle and double Microſcopes, 
out particularly adapted to my Univerſal Microſcope, deſcribed Fig. 1, 
and 3. IE „ 

The magnifying Power of the ſolar Microſcope, is found by rec- 
koning how many Times the focal Diſtance of the Magnifier is contain'd 
between it and the Diſtance of the Screen, or Sheet, upon which the Image 


of an Object is caſt. For Inſtance, let us ſuppoſe the Focus of the Lens in 


Uſe, to be + of an Inch, and the Screen ſet at the Diſtance of fix Feet, 
and as the focal Length of the Lens will be contained 288 times in the 
Screen's Diſtance, the Diameter of an Object is magnified in the Propor- 
tion of 288 to 1. The Superficies 82,944 times, and its Solidity, or 
Bulk 23,887,872 times, and by removing the Screen farther off, the Ob- 
ject may be magnified to almoſt what Size you pleaſe. 5 


CHAP. 


(29) 
CHAP X 
Of chuſmg, preparing, preſerving, and applying Ob- 

| gects to the Microſcope. e 
W E muſt be very curious in chuſing ſuch Oje#s as are proper for 
the Microscops, which are either ſmall Parts of larger Bodies, or 


exceeding ſmall Inſects, Salts, Sands, Seeds, Farina of Flowers, &c. or 
the Interſtices between the ſolid Parts of Bodies, as Minerals, Shells, the 
Air Veſſels in Vegetables, Pores in the Bones, Skin, &c. of Animals, or the Mo- 
tion of the ſeveral Parts of minute Animals, or of the Fluids in Animal or 
Vegetable Bodies. 

The greateſt Care imaginable ſhould be taken in preparing Objects for 
an Examination; otherwiſe the beſt ſkill'd in magnifying Glaſſes may be 
miſled, if they give too ſudden a Judgment on what they ſee, without aſ- 
| ſuring themſelves of the Truth by repeated Experiments. 
If Osjects are flat and tranſparent, the beſt Method is to incloſe them 
between two Muſcovy Talcs, in an Ivory Slider, as the Farina of Flowers, 
Scales of Fiſhes, Wings of Butter and other Flies, &c. the Bodies of minute 
Inſects, &c. By this Method, every Virtuoſo may always have ready two 
or three Dozen of theſe Ivory Sliders, furniſhed with the moſt curious Ob- 
Jefts ; which will be a moſt delightful natural Hiſtory of the ſurprizing 

Beauty, Perfection, and Contrivance, we find in the Works of Nature. 

In collecting Ohzefs for the Ivory Sliders, Care ſhould be taken to put 
thoſe into the ſame Slider, which are of the ſame Degree of Tranſparency 
and Size ; that they may all be viewed with the ſame Magnifier. There is 
a convex Glaſs of about an Inch Focus to hold in the Hand, in the Caſe with 
my New Univerſal Microſcope, by the Help of which you may adjult the 

Objects properly between the Talcs, before you fix them down with the 
Braſs Rings ; the Number of the Magnifier may be alſo marked on each 
Slider its Obje&s are fitteſt for. Many ſmall living Objects may be placed 
in this Manner between the Talcs, ſuch as Mites, ſmall Spiders, Lice, 
Fleas, &c. without being killed or hurt, and will remain alive feveral Days in 

this Manner. But for preſent Examination, theſe as well as larger OZjeis, may 
be put into the GlaſsSlider V, Fig. 2. deſcribed Page 4, and deſigned for 
that Uſe, or in the jointed Cell X, Fig. 2. Page 4, or elſe ſtick them upon 
the Pin l, or pinch them between the Nippers m of the Apparatus V. Fig. 2. 

The Animalcula in Fluids, may be examined in a ſmall Drop, taken 
up with a Pen or Hair Pencil, and placed in the Glaſs Slider before de- 
ſcribed, Page 3, or on the ſingle Glaſs Slider R, Fig. 2. if in viewing 
them you find them (as is often the Caſe) ſo exceedingly numerous, that 


by 
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by their continual running over one another, their Shape cannot be diſtin- 
guiſhed: Some Part of the Drop mult be taken off the Glaſs, and a little 
fair Water put to the reſt, which will ſeparate, and make them appear di- 
ſtinct. It is neceſiary thus to dilute, with fair Water, the Semine Maſculi- 
num of all Animals; otherwiſe their Shape cannot be diſcovered, they 
are ſo cxowded together in ſuch infinite Numbers. 

If Salts in Hude are to be view 'd, you mult let the Fluid evaporate, 
that the Salts may be left behind upon the Glaſs, and be more eaſily exa- 
_ mined. 

For viewing the Circulation of the Blood in the Tails of Fiſhes, in Frogs, 
Newts, &c. they are ſometimes put into Glaſs Tubes, but my Untiver/a/ 
Microſcope hath a particular Contrivance a b f, of Fig. 2. deſcribed Page 3, 
proper to hold down the Tails of Newts and Fiſhes, and the filmy Mem- 
brane between the Toes of a Frog's hind Foot; the Circulation is beſt 
ſcen in the Meſentery, or thin tranſparent Membrane, that joins the Guts 
together, and this Part, by pulling out the Gut a little, may be eaſily ad- 
juited to the Magnifier, by Help of an Apparatus hereafter to be deſcribed, 
which is another Method quite new, and never before applied in fo eaſy a 
Manner. 

Patience and Dexterity are required to diſſect Inſects, and view their in- 

ternal Structure, ſuch as Gnats, Mites, - Lice, Fleas, &c. which will be ea- 
ſily done with a fine Needle and a Lancet; if they are placed in a Dro 
of Water, their Parts will then be feparated with Eaſe ; and the Stomac 
and Bowels lie plainly (before the Microſcope) to be viewed and examined. 

Bits of different colour'd Glaſs are neceſſary for this Purpoſe, to place 
Objefts on, becauſe many Objects are much more diſtinguiſhable, when 
placed on one Colour, than on another. Glaſs Tubes of all Sizes, are like- 
wiſe of Uſe, from + an Inch Bore to a fine Capillary. 

It is alſo neceſſary to have a few Glaſs Tubes, ready prepared, with 
Cork Stoppers, one at each End, each Cork having a Bit of a fmall capil- 
lary Tube, run thro its Center, as at Fig. 25. in this Manner pregnant 
Inſects may be kept alive till they lay their Eggs; and their Worms or 
Maggots after they are hatched, till they paſs thro' "their feveral Changes; 
and in ſuch Glaſs Tubes it is, that Mr. Leeuwenhoek made his greateſt Dif- 
coveries: They are more particularly deſcribed in the 2d Section of the 19th | 
Chapter, and are to be applied to the Univerſal Microſcope, between the 
Object-carrying Plate T, and Springs b. 

Fig. 27. is a very ſhort cylindrical Glaſs, which may be filled with Wa- 
ter, or any other Liquid, in order to examine Aquaticks, which are too 
large for the Slider S. 

Fig. 26. A rectangular Box having its two broadeſt Sides of Glaſs, is 
deſign d on Purpoſe to be filled with Water, in order to apply Aquaticks 
to the ſolar Microſcope. 
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Theſe two laſt are alſo to be placed between the Springs b, and Object- 
Plate I. 
Fig. 28. Is another Contrivance to place tranſparent Oljetts between 
two circular Plates of Iſing-Glaſs, one of them being divided into Parti- 
tions, by paſting a cut Paper to it, whereon the Partitions are number'd, 
having different Objects placed between them, and covered with another 
Talc, which is held down by a Braſs Ring, as in the Ivory Sliders. This 
is a conciſe Way of keeping a great Number of Objects, ready to ſhew a 
Friend at all Opportunities; ſo that any Perſon who is deſirous to preſerve 
a large Collection of Ozjefs, may have as many of theſe, or of the Ivory 
Sliders, as he thinks proper. They are to be applied to the Univerſal Mi- 
croſcope, between the Object-Plate I, and Springs b; the two Braſs Ribs 
to which the Springs are fixed, being filed into concave circular Arches 
for their Reception, they may be turn'd round at Pleaſure, and by puſh- 
ing the Object - Plate either nearer to, or farther from the Pillar E, any Ob- 
Jef contain'd between them will be eaſily brought under the Magnifier. 

There is no better Way to preſerve tranſparent Oꝶjects, than placing 
them between two Muſcovy Talcs in Sliders, or in the circular Talc-Plates, 
Fig. 28. 5 55 

And the very beſt Way of preſerving opake Objects for thoſe Gentle- 
men who are deſirous to keep a Collection of them, is to prepare ſmall. 

thin Slips of Ivory, or rather Holly, about an Inch long, and ++ of an 
Inch wide, and ſome a little broader, according to the Size of the Objefs 
to be put thereon. Which Slips being ſtain'd of ſeveral Colours, we 
ſhall obtain a Contraſt to almoſt any Colour, and by fixing Objects upon 
Colours the moſt contrary to themſelves, they will be ſeen to the beſt Ad- 
vantage. LG 

I have contrived theſe chiefly for my new Univerſal Microſcope, to be 
applied between the Nippers, under the reflefting Speculum O, Fig. 1. 

Wet the Slips about half their Length with ftrong, but very tranſpa- 
rent Gum- Water, and upon that ſtick on your Objects. 

I have alſo contrived a little Ivory Box, in Form of a Parallelopipid, to 
keep theſe Slips in. In the Sides of which there is cut ſmall Curts, to re- 
ceive the Ends of theſe ſmall Ivory Slips, that they may be placed three 
or four of them in a Row, and alſo fo high above each other, as that 
the upper Row ſhall not touch the Objects in that next under it. 

I have prepar'd ſome of theſe little Cabinets for opake Objects, which con- 
rain fome 3o, ſome 60, &c. of thoſe Slips, which when ſtored with Objects, 
will be always ready for Examination, and may be carried from Place to 
Place, without doing the leaſt Injury to the Objects therein contain'd. | 

The Reader may be ſupplied with theſe Ivory and Holly Slips. Cabinets, 
Ivory Sliders, Talc Rings, ſhort cylindrical Glaſſes, rectangular Boxes, with 
Glaſs Sides, circular Vng-Glaſi Plates, and Glaſs Tubes, all together in des 
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Box, or ſeparate if he pleaſes, at my Shop, the Sign of Tycho Brabe's Head, 


the Corner of Racquei-Court, in Fleet-Street, London. 
Having deſcribed the new invented Univerſal Portable Microſcope, toge- 


ther with its Application to the ſolar Apparatus; and the other Sorts which 
are moſt in Uſe amongſt us: By which the Reader will be able to deter- 


mine how much eaſier it is in all its Applications than any, nay all of them 
taken together are, and have alſo ſhewn how to calculate their magnifying 
Powers, and how to prepare and preſerve Objects: I ſhall next proceed 
to ſhew what wonderful and ſurprizing Diſcoveries have been made by the 
Microſcope. In the Proceſs of which, I ſhall not only preſent the Reader 
with a Variety of Copper Cuts, of moſt of the minute Inſects and Animal- 
cules that have been obſerved by Mr. Hock, Mr. Leeuwenhoek, Mr. Joblott, 
myſelf, and others, but alſo ſhew how to apply either the whole, or the ſe. 
veral Parts thereof to the Microſcope. In doing of which I have ſpared 

Work complear. 


CTHAEF A 
Of the Circulation of the Blood, and how to exa- 
mine it by the Microſcope. 
| 8 E. C s | J. | 
I HIS noble Fluid, the Blood, yields us the moſt ſublime Specula- 
tions imaginable, by the Aſſiſtance of the Microſcope. For by the 
Help of it, human Blood, and that of Lend Animals is found to conſiſt of 


round red Globules, which float in a tranſparent Fluid, each of which is 
compos'd of fix ſmaller, and more tranſparent ones, and each of theſe (as 


Mr. Leeuwenhboek has ſhewn in his 128th Epiſtle to the Royal Society) into ſix 
more minute and without Colour. He hath alſo ſhewn us how eaſily fix 


ſoft flexible Globules, which are compreſſible into any Shape, and in con- 
tinual Motion, may, by ſtriking againſt each other, compoſe one large 
Globule of a perfectly ſpherical Figure, one of which, and five of the ſmal- 
ler Sort, as they appear in Contact, the ſixth lying behind, is repreſented 
Fig. 29. which, by their mutual Attraction to, and Preſſure againſt each 
other, readily unite to form a perfectly round Body, as at Fig. 30. Their 
Attraction towards each other is ſo conſiderable, as to form a Kind of 
fleſhy Subſtance, when brought into Contact; and their ſpecifick “ Gravity 


more than the Serum in which they float. 


How theſe Globules, and alſo the more minute ones of which they are 
compoicd, arc occaſionally ſeparated, in order to paſs through extremely 
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minute Veſſels, which without ſuch a ion, they cannot poſſibly en- 

ter, and how they re- unite again in Veſſels where they have more Room, 

— eaſily comprehended by a due Conſideration of . the two foregoing 
igures. 

The Diameter of a common round Globule of human Blood, is equal to 
the ys th Part of an Inch, as by- the Method deſcribed, Page 27. 
Appears. dns = 
In order bn Sel wich the e, n the Tip of an Hair 
Pencil, take a ſmall Drop of warn — as it — from 
the Vein, and ſpread it as thin as poſſible upon the Object carrying Glaſs R, 
Fig. 2. of the Univerſal Microſcope, and apply it between the Object- Plate 
I, and Springs, to the firſt and ſecond Magnifiers. It may alſo be ex- 
15 treamly well examined, if a little of it be taken up into a ſmall, but very 

thin capillary Tube, which being held in the Nippers m of the Apparatus 
V, Fig. 2. may de readily applied to the Magnifier. If you dilute a Drop 
of Blood with warm Water, and apply it either. of theſe Ways to the Mag- 
nifier, ſome of the larger Globules will be ſeparated from each other, and 

ſeveral of them will be divided into the ſmaller ones of wick they are 
d. 

22 of theſe Methods, the Globuleyegf the Blood may be diſtinctiy 5 
ſeen, and a little Practice will diſcover any Alteration that may happen in 
the Colour, Shape, or Size of them in its ſeveral Changes between Sick- 
neſs and Health. Mixtures of medicinal, or Liquors, may be: 
blended with it immediately as it comes from the Vein, and a Drop of this 
Mixture, if applied as before directed to the Microſcope, will diſcover what 
Alterations can be produced on the Contexture of the Blood. The Veſſel _ 
in which the Blood is received, ſhould be put into a Baſon of Water, 
ſomewhat hotter than the Blood 1, to prevent it coagulating before the 
Mixture. 

The Circulation of the Blood thro? 1 its Veſſels, is to be ſeen in ſuch ſmall 
Creatures, whoſe Tranſparency permits us to look within them, or in the 
thinneſt Parts of larger ones; by which we are very well informed, the 
whole animal Syſtem being eſtabliſhed on the ſame Plan, the Circulations 
carried on in Veſſels of a like Form, both in the meaneſt and nobleſt living 
Creature, and accelerated or retarded by the ſame Cauſes. 

In theſe ſmall Creatures we are not only able to ſee the general Courſe 
of the Blood, but can perfectly diſtinguiſh each Globule, and the Alteration 
they ſuffer in paſſing out of the larger into the more minute Veſſels, many 
of them being ſo ſmall, chat ſüngle Globules can ſcarce enter, till they are 


+ The exa& Blood-heat of the Water, may be obtain'd by a Pocket 7 bermemeter, made. 
with Quickfiver, with which the Reader may be — at my Shop, at Tycho Brahe's 
Head in F. Aren. 
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compreſſed into an oval Form; and yet theſc very Veſſels are large, when 
compar'd with the fineſt of all, in which the Globules muſt be divided and 
ſubdivided into tacir ſmalleſt component Parts, before they can find a 
Paſſage. 

Providence has been ſurprizingly careful in the Diſpoſition of the Veins 
and Arteries, for theſe laſt, which convey the Blood to the Extremities of 
the Animal, continually leſſen their Bran in their Progreſſion, and di- 
vide into ſmaller Branches. At which Diviſion, the Globules tuſi againſt 
an Angle, which as it were cauſes them to recoil upon thoſe immediately 
behind, before they can readily ſeparate into the two ſmaller Branches 
C D, of the Artery AB, Fig. 31. in which the Blood flows upwards. from 
B to A, towards the Extremity ; ; and on the contrary in its Return back 
from the Extremities -to the Heart, their Diameters increaſe, and thoſe 
ſmaller Veſſels are com'nually uniting into larger, as in the foregoing, 
Fig. 3 1. the Branches C and D join their Currents in the Vein E F, till at 
laſt all their Streams fall into one, at every ſuch C in of two 
Branches, as at E, and their Streams violently ruſh again each other, by 
which means unnatural Coheſions are prevented. 

The Mrcroscoye affords us an ample View of the Veins and Arte- 
ries, the latter of which is very diſtinguiſhable by a Protruſion of the 
Blood, at each Contraction of the Heart, then a Stop, and then a new 
Protmufion, continually ſucceeding each other, vrhilſt in the Veins it rolls on 
with inex prefſible y. 

The ingenious Mr. 8 hath told us, chat wich great Admiration 
he ſaw in che utmoſt Extremities of a very ſmall Fi, Tail, how the larger 
_ Arteries were divided into the fineſt Veſſels, ® and many of the ſmall Veins, 
which returned from the ſaid Extremities, met in a larger Vein; 
that there was ſuch an Agitation of that Blood, which flowed from the 
larger Arteries, towards the evaneſcent ones, at the Extremity of the Tail, 
and returned afterwards through many minute Veins into à larger one, as 
can hardly be conceived : In the larger Arteries he faw a continual new 
Protrufion of the Blood's Courſe, received from the Heart; but in the _ 
ler, the Motion ſeem'd equable withour any ſuch repeated Propulfion ; and 
tho' no Colour appear'd in the minute Veſſels, yet i yet in the larger Arteries 
and Veins, that were near the * of * Tail, the Blood was 
plainly red. 

The exact Magnitude this Fifp a d of to the naked Eye, as deli- 
neated by him, is repreſented in Fig. 32. Its Tail magnified, as it ap- 
pear'd in the Microſcope, at Fig. 33. In which were 17 little Bones or 
_ Griftles, that give a Stiffneſs to the Tail, three of them are ſhewn by the 

Luan A B C, on each Side of 1 he ſaw a very open Communication 
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of the Veins and Arteries, the Blood running thro' Arteries, and returning 
back thro' Veins, which were of the ſame Size, and evidently a Continua- 
tion of the ſame Veſſel, this was diſtinctly ſeen in 34 different Places, fo 
that in the Tail of this ſmall Fiſþ could plainly be ſeen 64 Blood Veſſels. 
34 of them Arteries, and as many Veins, beſides the little Spaces about D 
and E, which were not obſerved. 

This will be better underſtood by a microſcopical Repreſentation of Part 
of one of theſe little Griftles FH G, Fig. 34. on each Side of which runs 
an Artery I K and M N. The Blood flowing rapidly from I and M, to 
K and N, their open Communication with the Veins K L, and NO, 
from whence it return d to L and O, fo that both theſe were but one 
continued Blood Veſſel; for no Veſſel can be properly called an Artery be- 
yond the Pulſation; farther than which, and returning towards the Heart, 
it may be called a. Vein; for Veins, as by the preſent Figure appears, are 
only Arteries elongated ; and as they generally divide into Branches that 
eſcape the Sight, it is very difficult to determine where the Arteries end, or 
where the Veins begin. If in the Tail of this ſmall Fiſh, the whole Bulk 
of which was no bigger than that of Fig. 32. and conſequently under half 
an Inch in Length, 34 diſtinct Circulations of the Blood could be ſeen, how 
incredibly numerous muſt that of the Circulation be in an human Body? 
Nor is it to be wonder'd at, when we ſee it iflue forth at every Prick of a 
Pin or Needle. In this Conſideration he alſo adds, that he is fully con- 
vinced in a Space no bigger than his fore Finger Nail, a thouſand diſtin& 
Circulations of the Blood are performed. Eo BY N 

Mr. Leentmenboet obſerved the Motion of the Blaod in a ſmall Veſſel, in 
the Tail of a Tedpole, ſomewhat wider than to admit a red Globule there- 


of, as A and B, Fig. 35. which Veſſel is called an Artery, through which 


the Blood coming from the Heart, in the Direction A, B, is impelled with 
great Swiftneſs, and divided at B into two Branches, B C and B E, which 
are again united at D, and continue ſo to F, where they are again divided 
into two other Branches FG and F I running cropked till they are again 
united at H, where they formed a ſomewhat larger Veſſel as H K, and 
became bigger at K, for which Reaſon we muſk call the Blood Veſſels A B C, 
D FG, and A BE F I, Arteries, * becauſe they convey the Blood to their 
greateſt. Diſtance from the Heart at G and I, and the Blood Veſſe!s G H K, 
and I H K, Veins, becauſe they return the Blood to the Heart again. 
In another Place he ſaw the Bad running in an Artery, large enough 
to admit about 20 red Globules f at once; this was a great Artery in Pro- 
portion to that before-mentioned, a ſmall Part of which is delineated at 
L. M. Fig. 36. out of which proceeded a leſſer, as MO. The Blood in- 
the Veſſel from L to M, had not ſo quick a Motion as it had in others, 
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becauſe the Blood in the Veſſel at R, did in a Manner ſtagnate, infomuch, 
that no ſeparated Parts could be diſtinctly ſeen, it appearing there of one 
uniform red Colour; yet in the Veſſel M O, the Circulation was as ſwift as 
in any other Veſſel. That the blue Spots, occaſioned by a Fall or Bruiſe, 
is not ſtagnated Blood, which perſpires before it begins to corrupt through 
the Skin with the Sweat, Mr. Leeuwenboek was convinced of by the fol- 
lowing Obſervation. The Blood at R being thus without the leaſt Motion, 
it was by every Pulſation of the Heart impelled upward, from N to P, 
and the next Moment recoiled back again, and this alternately with an un- 
dulatory Motion; as is known if never ſo much Violence be uſed in preſ- 
ſing Water, yet it cannot be preſſed cloſer than it was before; fo the 
Blood. being now impelled forwards through the Heart, cannot be com- 
preſſed into a leſs Space; this being ſo, we muſt conclude, that the Tu- 
nick of the Blood Veſſels between N and P, and alſo ſomewhat below N, is 
diſtended at every Pulſation of the Heart; and as ſoon as this uncommon 
Diſtention is performed, ſo ſoon alſo does the Tunick of the Veſſel con- 
tract itſelf again; whereby the Blood that was thus puſhed forwards is 
forced to run back again. After a ſhort Space of Time he ſaw the Blood 
begin to move from P to R, in ſuch a Manner as to be puſhed back again, 
and that during his Obſervation, the Blood Veſſel MO, was a little more 
extended; conſequently more Blood ran through it than when he firſt began 
to look upon it; the Blood in the Veſſel NS, wherein was little or no Mo- 
tion before, now ran as ſwift as in any other Veſſel, the Veſſel PQ 
was ſo ſmall, that only one ſingle Globule could paſs through it at once, 
wherein not the leaſt Motion, at his firſt obſerving it, could be diſcovered, 
now began to flow; yet the Particles of Blood, which at firſt paſſed 
through it, were but few in Number, and conſequently far aſunder; hence- 
forward all the Blood from P to R was put into Motion, as well by being 
puſhed forward, as by recoiling back again, and that at every Pulſation of 
the Heart; Mr. Leeuwenhoek ſpent: about two Minutes in theſe Obſerva- 
tions. From whence it plainly appears, that the ſtagnant Blood can not 
only be made to move again by the Motion of the Heart, which we call 
the beating of the Pulſe, but alſo that the coagulated red Globules are again 
diſſolved, and aſſume their firſt Figure; from which we may reaſonably 
conclude, that the coagulated Blood in any Agimal occaſioned by a Blow 
or Bruiſe, can in a few Days be made to move again; it being taken for 
granted, that the Heart of a Man puſhes out the Blood 75 times in one 
Minute, which is 4500 in one Hour, and 108000 times in the Space of 
a Day and Night; and finding that in 10 Days Time the coagulated Blood 
ſeem' d to vaniſh, and alſo conſidering that in this Time the Heart performs 
1080000 Pulſations, and that in each Motion, into ſeveral Veſſels toge- 
ther, there has been looſen'd and ſet a- going the Quantity of a Grain of 
Sand, how much more will be puſhed forward in the fame Time. 


Mr. 


.* _ — 8 


| 
' 
' 
| 
: 


* . b 


* — 32 
4 IR * — 
— * 
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Mr. Leeuwenhboek could ſee the Blood received from the Heart at each Im- 
pulſe, in the Veſſel above - mention d. If we ſuppoſe. that the Quantity of 
a cubick Inch of coagulated Blood, occaſioned by a Blow, is too much, 
and that ſeldom ſo'much is coagulated at once, we may eaſily conceive, 
that ſuch coagulated Blood, by Means of ſo many Protruſions as above- men- 
tion'd, may be looſen'd, and its Motion again reſtor d, if not in all, yet 
in moſt of the Veſſels. 1 1 Fa 
At another Time Mr. Leenwenboet᷑ laid one of theſe Tadpeles upon a Piece 
of white Paper, a little while before he came to look upon it. A fmall 
Part of the Tail was wounded by the Skin ſticking to the Paper; ſo that 
out of an Artery in the excoriated Part, ſo large that about four red Glo- 
bules of the Blood might paſs through it at once, there flowed ſome Blood 
that remain'd without Motion about the wounded Part, yet that whereon 
his Eye was fixed, not being half an Hair's Breadth from the excoriated 
Artery, there proceeded a Branch of a Vein, wherein the Circulation of the 
Blood did ſtill remain, as if the Artery had not been broken, Fig. 37. T V, 
exhibits the Artery wounded a little above V. VX ſhews the extravaſated 
Blood. V W, the ſmall Artery wherein the Blood retain'd its full Courſe, 
altho it was ſo near the Artery T V, out of which the Blood flowed ; which 


at firſt ſeemed very ſtrange, but obſerving that the Blood-Yefſel'V W was © 
united at W to a large Blood Veſſel, that conveyed the Blood to the Heart, 


the Blood out of VW was continued as ſwift as if it had been impelled 
from T to V, in ſuch a Manner that Mr. Leeuwenhoek imagined, the 
Vein at V had not been united with T, but had lain with its Aperture at 
V, in the extravaſated Blood; fo. that the extravaſated Blood was only for a 
little ſucked up and convey'd thro' it. He then ſaw a Vein wherein the 
Motion of the Blood ſeemed very uncommon, as at Fig. 38. whereof a b 
repreſents an Artery, whereby the Blood is impelled with great Velocity 
from a to b, then b c, whereby the Blood is conveyed towards the Heart, 
muſt be called a Vein, cloſe by which hes another Artery d c e, wherein 
the Blood is conveyed from the Heart from d to c; now if the Vein b c 
be united with the Artery d e, as is ſeen. at c, and the Blood be thus con- 
veyed from c to e, b c ſhould be called a Vein, and the Blood coming to 
e, being there transfuſed into c e, is the arterial Blood, becauſe it is con- 

veyed thither from the Heart, it being certain, that d ce is an Artery. 
Amongſt others, Mr. Leenwenboet had a Tadpole, wherein he could per- 
ceive no Motion at all of the Blood, how attentively ſoever he view'd it; 
at firſt there appear d no Reaſon for it, till upon examining this Animal 
with his naked Eye, he obſerved the fore Part of his Body was contracted, 
by which he imagin'd the Heart was fo oppreſſed, that it could not force 
out the Blood, and receive it back again. Whilſt he was thus contem- 
_ plating, the Animal made a very ſtrong Motion; beating its Tail about, 
and bending its Body, by which it got clear of the Oppreſſion it was I 
. | : r 5 
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der; and on viewing it again, perceived the Blood to have a flow Motion, 
and Impulſe in ſeveral Veſſels, which increaſed till it at length came to its 
proper Motion, yet not with fuch Velocity as it would have had, if the 
Heart or Body had not been oppreſſod. Mr. Leeuwenhoek ſays, that the 
Motion of the Blood in theſe Tadpoles, exceeds what he ever ſaw in any o- 
ther Animal. Fig. 39. exhibits a Tadpole arrived to fuch a Bigneſs, as to 
uſe its hinder Legs, and the fore Legs were alſo diibernable, but yet co- 
vered with the Skin. | 
Mr. Leenwenbhotk obſerved the Circulation of the Blood in ſeveral Butts, 
one of which, bating the Tail, was but an Inch in Length, the greateſt 
Motion of the Blood obſervable through the Fins, was on each Side the 
various little ſingle Bones placed therein, where the Blood-YVeſſels were ſo 
large, that 25 of thoſe Particles which conſtitute the Blood of a red Co- 
lour, could paſs in Breadth, but difappear'd as they drew nigh the Extre- 
mity of the Fins, ſmall Veſſels being all along difpers'd from the Arte- 
ries; on one Side of a little Bone, runs an Artery, and on the other a 
Vein, correſponding thereto z and finding it ealy to extend the Tail, he 
_ accordingly ſtretched it in Breadth, equal ro what the Fiſh gives in ſwim- 
ming, that he might the better obſerve the Motion of the Blood in theſe 
extended Veſſels, and found when the Fiſh did not move, ſome of thoſe 
ſmall Veſſels, which before received three Particles in Breaſt, being now 
ſtretched out with the Taibfin, which they run a- croſs, did not only admit no 
more than one Particle, but likewiſe theſe Particles did not move fo faſt, 
as when the Veſſels were not extended; and in ſome Places were at ſuch a 
Diſtance, that one or two more might lie in the Intervals, but could not 
from all this determine, that the Particles were perfectly oval *. - 
But to trace the Matter further, he took the Blood running from a live 
Salmon, + when cut into Pieces, and put it into a Glaſs Tube, no larger than 
a ſmall Quill, which in a ſhort Time congealed ; but when it became partly 
fluid again, he put it into a ſmaller Glaſs Tube, and having placed it be- 
fore his Eye in the Microſcope, the Particles being i in Motion, ſome of them 
appear'd of a flat oval Figure, and others, which ſhewed themſelves ide 
ways to the Eye, feem'd a little thick, and thoſe whoſe Sides did not di- 
rectly face the Eye, feem'd a little broader, without the leaſt A nce 
of any globular Form. Mr. Leeuwenboek alſo put ſome of the fame Blood 
upon & very clan Glaſs, and where the Particles lay thin, he perceived 
them oval ; nay in ſeveral Ovals he diſcovered Globules, and in fome few 


ſix Globules. 
Fig. 40. A B C D repreſent the oval Particles of the Blood of a 
Salmon, that weighed 30 Pounds; A B, the Particles that appear d flat and 


broad, but did not directly face the Eye ; thoſe about c were — be- 
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fore the Eye, and for the moſt Part a little clear Sort of Light in the Mid- 
dle, larger in ſome than others. 

Mr. Leewwenhoek, likewiſe, placed ſome of the Blood of a very ſmall 
Butt before the Microſcope, which was not mixed with any Liquor, only 
the Particles lay in their Serum, and are repreſented by Fig. 41. 

- Thoſe Particles of the Blood, which are diſtinguiſhed by ſhining Spots 
in the Middle, are delineated Fig. 42. Mr. Leenmenboet proſecuted this 
Enquiry yet farther, with a greater Magnifier than he had hitherto uſed, 
and ſo he plainly made- out the oval Particles; now the greater the mag- 
nifying Power of the Glaſs, the ſwifter does the Circulation of the Blood 
appear; ard having retarded this Motion, he employed two or three Se- 
conds of Time, in obſerving the little Veins, and found, that in ſeveral 
ſmall Veſſels, the oval Particles were ſo brake, that he could neither ſee 
them, nor thoſe, of which fix conſtituted a Particle of Blood, but only a 
fimple Fluid of a faint Colour, running along the Veſſels; but in a great 
Artery at the Tail, the Blood mov'd fo ſlowly, that he could eaſily diſcern 
the Particles were oval; and not only fo, but he likewiſe wed more 
clearly than before, the Globules that conſtituted the oval Parts, if not al- 
ways, yet at leaſt for the moſt Part, as repreſented in Fig. 43. 

How ' venous Blood may become arterious without being firſt in the 
Heart, appears by the following Experiment. AB, i Fig. 44. 
to be a Vein, in which the. Blood view'd thro' the Microſcope, paſſes with 

t Celeriry from B to A, from this Vein proceeds two ſmall Branches, 

C and D, which unite between E and F. Again ſuppoſe H I to be an Ar- 
tery, in which the Blood moves upwards with equal Swiftneſs from H to 
I, out of H I ariſes a venous Spring, delineated in K FL.; the Blood 
moving from K to F, joins the other at F; and by this Means, Part of 
the Blood coming from the Artery, is thrown into the Vein, as paſſing. 
from F to G, and to the beſt of Mr. Leewwenboeck's Obſervation, a Quantity 
of Blood, juſt equal to that carried from K F to G, moves from CE to F, 
and directs its Courſe upwards from F to L. fo that whatever Quantity of 
arterious Blood paſſes thro* K F and F G, an equal Quantity of venous 
Blood returns thro CE and FL. Though the Motion of the 
Blood was formerly apparent, yet this Experiment afforded him a very clear 
Perception of the above-mention'd Variety; and beſides, this Union of the 
Blood Veſſals was not formerly diſcover'd, 
1 Leeuwenboect, in his 112th Epift. has given \ us an accurate Delinea- 
n of the Blood-Veſſels in Part of the 77 of an Zel, whoſe whole Length 
not exceed that of the Lengch of his little Finger. The Figure, as by 

him delineated, is repreſented in Fig. 45. whereof A, C, E, repreſents the 
Veins, and B, D, F Arteries. 

The Letter D repreſents an Artery, from which a Branch G proceeds, 


that is divided about H, into two leffer Branches, one of them — 
c 
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ed by the Letters H I K, fo much of this ſmall Veſſel as reaches to I, is cal- 
led an Artery, becauſe the Blood may to that Place be propelled in its Pro- 
greſſion from the Heart. The other Part I K of the ſame Branch may 
be called a Vein, becauſe by it the Blood is conveyed back again to the 
Heart. In the other Part ot the fame Branch HL M, the Blood is drove 
forwards till it arrives at M, where it is diſcharged into the Vein E, which 
in this Figure is the firſt Place that can take the Name of a Vein. 

Here alſo it may be obſerved, that as the Arteries are extended in Length, 
they gradually leſſen. And on the contrary, the Veins increaſe in their 
Diameters as they approach the Heart. 

Furthermore, from this fame Artery D, another Veſſel may i ſeen 
branching out from N, from whence the Blood flows to O, and there diſ- 
charges itſelf into the Vein E. 

- Raiſe your Eye a little higher to P, where another mall Artery ad- 
vances from the great one D, towards Q, where it cloſes agoin with 
the Vein E. | 

Alſo obſerve that about the Leader R, another ſmall Veſſel | from 
the ſame Artery towards S, at which Place the Blood that flows both from 
the Artery D and B, is joined, and from thence d into the Vein C. 

Somewhat higher, about T, advances a little Blood-Veſſel, which is divi- 
ded into two Branches at V, Þ that from thence two diſtinct Veſſels may 
be ſeen to diſcharge themſelves into the Vein E, at X and h. 

About the Letter Y proceeds from the fame Artery D, another ſmall 

Veſſel, which at Z branches out into two more minute Veſlels; the Blood 

flowing through them toward a and b, where it is diſcharged into the 
enC. 

Not far from V, about c, proceeds a ſmall Branch from the Artery D, 
through which the Blood alſo returns into the Vein C, with which it joins 
at d. 

From the 1 Artery D riſes a minute Branch e, f, which | 18 ſepara- 
ted i * two leſſer Branches at f, ſending back the Blood to the Vein E, at 
g an 

If the ſame Artery be examined a little higher, another Branch I k l, 
will be ſeen iſſuing from I, which is alſo divided at | into two others, 
that likewiſe diſcharge themſelves into the Vein E, at m and n, near I; at o, 
_ = two other Branches, which vent their Streams at p and q, into the 

ein 

Moreover from the ſame Artery D, about r, proceeds forward a ſmall 
one r f, which is divided into finer Branches, one of which r \ t, joins the 
Vein C, the other ſ, u, w, x, joins the Vein E at x. 

The moſt evaneſcent Artery, flowing from the large one D, which is 
Ee by the Letters r 73 2, unites with the Vein E at A; the. ſame 

inute 


Front.” Page. 40. 


I. Wighe 


N 


Of the Circulation of the Blood 41 


minute Artery, near the Letter u, is again divided into two Branches, the 
Part u b is diſcharged into the Vein C, at t. 

An Eel of this Size may be conveniently placed before the Magnifiers in 
the Univerſal Microſcope, either in the Fiſh Pan, or in a ſmall Glaſs Tube 
filled with Water, and put between the Object Plate and Springs, after 
wiping off its Slime, which would obſcure the Glaſs, ſtop both its Ends to 
prevent the Water from running out ; the Tail may then be viewed, and the 
Circulation will appear in an agreeable and pleaſant Manner, as in the fore- 
going Figure is deſcribed. iris 5 

The Tails of any Sort of ſmall Fiſh, may be alſo readily applied to the 
Magnifiers in the ſame Manner. Under the Spring of the Fiſh- Pan a bf, 
as is before directed in Fig. 2. of Chap. 1. Flounders, Eels, and Gudgeons 
live a long Time out of Water, and are to be had at almoſt any Time in 
London alive. | # | | 

Alſo the Tail“ of a Water Newt, or a Lizard, if applied to the Micro- 
ſcope in a Glaſs Tube, repreſents an agreeable Proſpe& of the Circulation, 
through Variety of ſmall Veſſels, particularly in an exceeding ſmall one of 
the Water-Kind, which may ſometimes be procured ſhorter than an Inch, 
and fo tranſparent, that the Blood may be ſeen running in all Directions, 
not only through the Tail, but particularly in every ſingle Toe, and thro' 
its Fins or pointed Branches. The Blood may be ſeen running through an 
Artery towards the Extremity, and returning through a Vein, with which 
its Communication is very apparent, and ſurprizingly delightful. . 

Mr. Leeuwenboek informs us, that he has obſerved the Circulation of the 
Blood, in the fartheſt Joints of little Crabs 4 hinder Legs, with greater 
Rapidity than in any other Creature, and that their red Globules were 
twenty-five times fewer than in any other Land or Water Animal he had 
before examined. 3 | 

Exceeding ſmall Crabs may be found under Brickbats and Stones, on the 
Shores of the River Thames, when the Tide is out. 

The Circulation of the Blood may be ſeen in the Legs and Tails of 
Shrimps, if view'd in Water, wherein you have mixed a little Salt, but in 
theſe the Blood is not red, | 5 

I have frequently ſeen a Fluid flowing through the filmy Wings ot 
 Graſshoppers, of a greeniſh Colour, 5 85 

The Motion of the Blood is alſo to be ſeen in the tranſparent Legs and 
Feet of ſmall Spiders, and in the Legs of very ſmall Buggs, and an ex- 
traordinary Vibration of the Veſſels not diſcernable jn other Creatures. 

You may often obſerve in viewing ſeveral of thoſe Objects, the Globules 
cannot paſs through the ſmaller Veſſels, otherwiſe than ſingle, and then 
ſqueezed into an oval Form. | | 
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If a little Frog*s Spawn, in the Spring Time, be kept a few Days in 
ſome of the Ditch-Water, in which it is found, you'll have a great Num- 
ber of exceeding ſmall Tadpoles, which at their firſt beginning to ſwim, are 
nearly tranſparent, place them before the Microſcope in a ſmall Tube, with 


a little Water, or in a cylindrical Glaſs, and you may behold the Circula- 


tion of the Blood in every Part of the Subject, and in a more particular 
Manner in the Tail, near * fifty Veſſels preſenting themſelves at once to 

View; and alſo the Pulſation of the Heart; but they grow ſo opake in a 
Day or two, that the Circulation can then be only ſeen in the Fins, and at 
the joining on of the Head, and in the Tail. 

The Circulation of the Bloog affords. an entertaining Sight in the thin 
Membrane between the Toes of the hind Foot of Frogs, if well expanded; 
in the Machine a bf, of Fig. 2. Chap. 1. of the Univerſal Microſcope, 
and being ſo placed before the Magnifiers as there directed, the Arteries 
and Veins will be diſtinctly ſeen. 

The Blood may be retain'd in the Lungs of Frogs and Lindy as fol- 
lows; on making an Inciſion into the Bodies of theſe Animals, their Lungs 
will ſtart out, and be diſtended with inſpired Air ; on theſe as quick as you 
can, pals a waxed Thread, and tie it firmly towards the upper Part of the 
Lobe, as near the Heart as poſſible; when the Lungs are dried, after being 
thus diſtended, they may be placed in Parts, between the Talcs of the Ivory 
Slider T, Fig. 2. and by this Means you may always keep by you, Ob- 
jects of the Lungs of thoſe Animals, only remember to place their ex- _ 
ternal ſmooth Surface towards the Magnifier. Theſe ſeveral Parts of the 

Lungs, are very entertaining Objects in the Microſcope. 
But the Circulation of the Blood is no where ſeen with ſo much Satis- 
faction as in the Meſentery of a Frog. For which I have contrived an 
ealy Method to hold the Animal during the Operation, as will de ſeen 1 in 


the following 
ST CT. 4 


The De ſcription of a New Apparatus for con fining 
Frogs, Mice, Bats, or any other Creatures of the 
like Size, particularl ty _ to the Univerſal 
Microſcope, Fig. I. 


HIS Apparatus conſiſts of a ſquare Frame of Braſs A, B, C,D, 
Fig. 46. which may be taken to Pieces at Pleaſure. It is held to- 
gether at the Corners, by the four Pillars F, F, F, F, which alfo ſupport 
the Frame. At the lower End of the two Pillars which ſupport the Cor- 
ners C and D of the Frame, 1s fixed a Steel Bar G H, having one of its 
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Ends made faſt to one of the Pillars at G, and the other End ſcrewed to 
the oppoſite Pillar by the Nut H: On this ſquare Bar is fitted a ſliding 
Socket I K, with its Stem T V. 
When a Frog is to be diſſected, tie a String to each of its four Legs; 
firſt having ſtrain'd Strings thro* ſome of the principal Holes of the 
Frame, croſſing each other, as in the Figure is repreſented by the ſmall 
Letters a b, cd, ef, gh, ik, Im, which form a kind of Lattice, or 
Couch, whereon to extend the Frog. Then firſt put the two Strings which 
are tied about his Arms, thro* two Holes, the neareſt to the Corners 
A, C, and there fix them with two Pegs made of Fur, as at n and o, in 
the Figure. The Reaſon why I direct his two fore Legs or Arms to be fa- 
ſtened firſt is, becauſe you may with Eaſe hold his hind Legs in your Hand, 
till the fore Legs are pegg'd down faſt ; whereas if you attempt to fix the 
hind Legs firſt, the Creature will give ſuch Springs and Starts, as will not 
only tire himſelf, and thereby prevent him from being able to go thro? the 
Operation, but even make it almoſt impoſſible for you to fix him to your 
Mind. Then fix his hind Legs as before directed by the Pegs p, q. If 
now you find him not quite faſt, you may make him fo, by pulling out one 
of the Pegs at a Time, and training the String a little tighter, after which 
replace the Peg. The Ends of the Strings which confine his Arms and 
Legs, are repreſented in the Figure by the Letters r, ſ, t, v, and the Frog 
lying upon his Back. | ” 
The Object being thus extended, and faſtened on the Frame, as above 
directed, open the Skin of the Belly, from near the Anus to the Throat in 
the Direction of the dotted Line I K, by firſt juſt entering the Point of a 
very ſharp Penknife at I, thro? the firſt Skin only, taking Care not to touch 
the ſecond Skin, and let the Ineiſion be no longer than the little ſtreight 
Stroke I w, in which thtuſt the Probe or Director, Fig. 47. almoſt up ro 
his Throat, with the Curf xy upwards, in which Curf you may run the 
Point of a Pair of Sciffars, without being in any Danger of cutting any o- 
ther Part of the Subject, and thereby open the upper Skin from I to K, 
then turn the Director ſide ways from K to L, and from I to M, and give 
it a little Snip in that Direction, both at the Top and Bottom. Stick a 
Fiſh-Hook, with the Barbs filed off, into each Corner of the Skin, firſt hav- 
ing put the Strings N O, to which the Hooks are tied, through any two of 
the Holes in the Frame, as at P and Q, Then by gently pulling the 
Strings N O, the Skin will readily ſtretch out into the Direction of a ſquare 
Flap, as repreſented in the Figure by the Letters L M RS, and the three 
dotted Lines which ſurround them. | 
If now you put the Stem T V into the Hole of the Pillar E of the Un:ver- 
ſal Microſcope, you may place any Part of this Flap before the Magnifiers, 
either by ſlipping the ſquare Steel Bar G H backwards and forwards in its 
ſliding Socket I K, or elſe by pulling the ſaid Socket farther from, or 
| G 2 puſhing. 
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puſhing it nearer to the upright Pillar E of the Microſcope, Fig. 1. by 
which Means, you may with the greateſt Eaſe imaginable, examine all the 
Blood Veſſels in this tranſparent Flap or Piece of Skin, by fitting at a Table 
before a Window, and direCting the illuminating Glaſs, ſo as to fling the 
Rays of Light immediately under this Part of the Skin. „ 

If the Sun ſhines, and you have the ſolar Apparatus, deſcrib'd Page g. 
ſcrew'd ready in the Window Shutter, take out the illuminating Glaſs F, 

and in its Stead, ſcrew the Socket K, of the ſolar Apparatus, and apply 

the Microſcope and Frog to the ſolar Part as before ſhewn, and after having 
directed the Sun's Rays thro' the Tube, upon any Part of the ſkinny Flap 
LRSM, and placed the Screen at about four or five Foot from the Ma- 
chine, ſo as to receive the Sun's Rays, and adjuſted the Object to the Focus 
of the Magnifier, and Diftance of the Screen, by Help of the Screw P, as 
in Fig. 1. 

You will have repreſented on the Screen, a moſt beautiful Picture of the 
Veins and Arteries in the Skin, with the Blood circulating thro' them; in 
the Arteries you may plainly perceive the Blood ſtopping, and as it were 
receding a little at each Dilatation of the Heart, and then immediately ruſh- 
ing forwards again at each Contraction ; whilſt in the Veins it rolls on in a 
_ continual Current, with inexpreſſible Rapidity ; and when the Arteries are 
very much magnified, if you remove the Screen to a conſiderable Diſtance, 
the alternate Expanſion and Contraction of their Sides are very viſible. 

When you have conſider'd this as long as you think needful, open the 
Abdomen, and extend the Muſcles before the Microſcope, by Means of 
the two Fiſh-Hooks, as before in the Extenſion of the Skin, and you will 
with Pleaſure view their Structure, which conſiſts of Numbers of tranſpa- 
rent Strings or Fibres, lying parallel to one another, and joined together by 

a common Membrane. 

Theſe Strings or Fibres appear thro? their whole Length, to be made 
of minute roundiſh Veſicles; and the Blood Veſſels which intermix with 
them, afford an agreeable Proſpect. nes: 

The next Experiment is gently to draw out a Part of the Frog's Gut, 
in order to apply the Meſentery to the Microſcope, which is a moſt” beauti- 
jul and ſurprizing Phenomena, when view'd through the Univerſal Mi- 
croſcope, as ſtanding upon a Table: But when applied to the ſolar Appara- 
tus before deſcribed, you may view it in ſo diſtin& and fine a Manner, 
that no Words can deſcribe the wonderful Scene which will then be pre- 
ſented to your Sight. The Blood flawing through numberleſs Veſſels at 
one and the ſame Inſtant, in ſome one Way, in others the quite contrary ; 
ſeveral of the Veſſels may be magnified to an Inch in Diameter, and the 
Blood Globules rolling thro' them, will appear near as large as Pepper- 
Corns, and at the ſame Time in the minuteſt Veſſels, only ſingle Globules 
can find a Paſſage, and that not without putting on the Form of —_ 

| | | | phe- 
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Spheriods; here alſo in the moſt inexpreſſible Manner, will be ſeen the Pul- 
ſation and Acceleration of the Blood in the Arteries, as before deſcribed. 
As the Auimal grows languid, and near expiring, the Blood in the Arte- 
ries will be ſeen to ſtop ſuddenly, and as it were ſeem to coagulate, and 
then run backwards for ſome Time; after which it will again recover its 
natural Courſe, with a great deal of Rapidity. 
A due Conſideration of theſe Appearances, may poſſibly account for the 
wy 55 Starts, and Irregularities in the Pulſe of Perſons near the Point 

of Death. 3 

Fig. 48. M, L, R, S, repreſents a microſcopick Picture of a Part of the 
Frog's Gut, and Meſentery extended, by Means of the Fiſh Hooks 
R, S, M, the Ends of their Strings being pegg'd to the ſquare Frame, one 
of which is ſeen at p. B, I, K, C, is a Part of the Body of the Frog. 
And I, K, that Part where the Belly was opened. D, E, Part of the 
ſquare Braſs Frame. The ſhaded Part within the Gut, marked M, L, R, 8, 
is called the Meſentery, in which is plainly ſeen the Blood-YVeſſels. Thoſe 
Veſſels, which are a little darker than the reſt, are called Arteries. In 
every one of which I plainly faw a Pulſe, and the Blood flowing from A to 
R. The others are Veins, thro' which the Blood flowed in a conſtant 
Stream, in the Direction V, N. 

As there are many ſmall Fiſb, whofe Fins are more tranſparent than their 
Tails; I thought it might be acceptable in this Place, to give a Cut of the 
Manner how they may be faſtened upon the fame Frame the Frog was, 
which take as follows, | 5 

Firſt cut a Piece of Leather in the Shape of Fig. 49. and tie a String 
to each Corner of it, as at A, B, C, D, and obſerve, that the Part G H 
of the Leather be no longer than from the Fs Neck to the Part where 
the Tail begins to grow ſmall, and cut a Slit from A to I, and from B to 
K, then put the String C E through the Sht AI, and the String DF 
thro' the Slit B K, and put the Fi in Head foremoſt; after which draw 
the Strings cloſe, and apply it to the Frame, Fig. 30. fixing down the 
String D F to the Frame by the Peg N, and the String B M by the Peg O. 
The String C E may be made faſt with the Peg P, and the String A L 
with the Peg Q, in which Poſition the Fi cannot poſſibly get away, but 
on the contrary will lie exceeding quiet : Then may you ſtick a Fiſh-Hook 
to the thick Part of its Fin at R, and ftretch it out by drawing the String 
R S gently, and then making it faſt by the Peg T. = 7 
After which place the Frame to the Microſcope, as above directed; 
and you will have a beautiful Profpe&t of the Circulation, if viewed thro' 
the Eye Piece N upon a Table; but much more fo if you apply it to the 
 folar Apparatus, : 3 

I hope by this Time the Reader will be enabled to fix any other Subject 
of the like Size to this Apparatus, in order for Diſſection, and alſo be ready 
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46 Z 
at applying them to the Microſcope, either to be look'd at by the Eye 


through the Magnifiers, or caſt upon a Screen when applied to the ſolar 
Apparatus. The Reader will alſo percceive that none of the modern Mi- 


croſcopes, is ſo capable of having all Sorts of Subjects applied to them, as 
this is, and that in one Apparatus; and ſo eaſy in its Uſe, as to give 
Gentlemen as little Trouble as poſſible in the Application of all Sorts of 


Objects. | 
MA xt 
Of Bones. 
HEIR ſuperficial Part is found to conſiſt of a vaſt many ſmall 


Veſſels, and ſome few of a larger Size; which laſt, when they came 
to the Surface of the Bone, appeared to Mr. Leewwenboeck either with a 


Membrane, or bony Subſtance, perfectly tranſparent : He once diſcovered 
four or five Veſſels in a ſmall Piece of a Shin Bone of a ſufficient Size for a 
ſingle Filament of Silk to paſs through them, and one of them ſeemed to 


him to have a Valve * fo diſpoſed as to admit nothing into it, but only 
to let out what was therein contained. | 
The ſpongy or cellular Subſtance on the Infide of the Bone, conſiſts of 


long Particles cloſely united, that are made up of a vaſt many ſmall Veſ- 


ſels, ſome running lengthways, others tending towards the Sides of the 
Bony Particies, ſome lying parallel, and others perpendicular to the Length 
of the Bone, theſe laſt have Veſſels proceeding from their Extremities ; 
and others that compoſe the Cortex or ſuperficial Part of the Boxe, proceed 
from their Sides, thoſe long Particles, which lie parallel to the Length of 


the Bone, emit Veſſels from their Sides, that iſſue out through the Side of 


the Bone. It is impoſſible to conceive what a prodigious Number of ſmall 


Veſſels compoſe the cortical Part of the Bone, which on the ſpongy Part 
in ſome Places is no thicker than a human Hair; tho', in others, three or 


four times that Thickneſs. 1 555 5 
The Periaſteum is united to the Cortex of the Bone, not only to the Out- 


ſide of the Cortex, but even by entering into its very Subſtance in ſeveral 


Places, and is joined thereto by the Veſſels which proceed from the Bone. 

Fig. 51. repreſents a ſmall part of the Bone with the Perioſteum ad- 
hering to it; ABC DEF ſhews the Bony Part, BGH IE. the Perio- 
ſteum, in which all the ſmall Veſſels are repreſented by Dots. In other 
Places where the Thickneſs was twice as much, not only thoſe Veſſels that 
had been tranſverſly cut, and conſequently repreſented by ſo many Points; 
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but alſo many other Veſſels running lengthways, as in Fig. 32. LOPQNM 
and that Part repreſented by BG H IE, Fig. 31. are not entirely mem- 
braneous, but really boxy, KLMNA repreſent the bony Part, in which 
tho* no Pores or Veſſels are here repreſented, yet it is full of Openings. 
Fig. 53. RSWXI V repreſents a Part of another Bone, SWXT the 
Perioſteum, which in this Place was no thicker than a large Hair of a 
Man's Beard ; but in another Part of the ſame, and at a ſmall Diſtance, it 
was four times that Thickneſs. In another Piece of Bone ſo placed before 
the Microſcope as to ſhew only the Periaſteum and muſcular Fibres, which 
were cut tranſverſly, and appeared to be ſurrounded by Fibrils of the Pe- 
rioſteum, as in Fig. 54. where YZ AB is the Periaſteum, and Z CDA 
are the fleſhy Fibres cut tranſverſly, this was part of a Rib taken from a 
fat Ox. jw 

It appears therefore from Mr. Leeuwenboeck's Obſervation on Bones of 
all Kinds, that they do conſiſt of exceeding ſmall Veſſels, ariſing from the 
inner hollow or ſpongy Part of the Bone, and paſſing thro' the ſuperficial 
or cortical Subſtance, enter the Perioſteum; and from thence are continued 
farther into the Body, even to the remote Parts thereof, Hence it is, 
that in a healthful Body there is a conſtant Supply of an oily Subſtance 
conveyed into the Bones; which again is conſtantly carried out from the 
Bones by Means of theſe Veſſels into all Parts of the Body, even to the 


Extremity of the Fingers. He examined a very ſmall Piece of the folid 


Part of the Shin Bone of an Ox, and found it to conſiſt of four Sorts of 
Tubes, perforated lengthways. The firſt Sort ſo ſmall and fo cloſely 
united, as ſcarce to be diſcernable in a tranſverſe Section of it. The ſe- 
cond Sort of Tubes (ſome of which are four, ſome fix times larger than 
the firſt) are alſo difficult to be diſcover'd ; becauſe in cutting or ſhaving 
the Bone, although the Knife was ſharp, it deſtroyed and broke many of 
the tubular Parts, which ſhut up their Apertures. The third Sort greatly 
exceed thoſe of the ſecond, but were alſo difficult to be diſcerned, becauſe 
the Knife tore ſome of them in cutting ; yet notwithſtanding he was per- 
ſwaded, that Bones are compoſed out of ſucceſſive Additions of Rings of 
Tubes, in the ſame Manner as Wood is. The fourth Sort are much 
larger than theſe, and fewer, as will appear in Fig. 62. whereof M repre- 
fents a very ſmall Piece of a Shin Bone, which when viewed by the naked 
Eye, appeared no bigger than the Spot, Fig. M. | 
ABCD is the ſame Piece of Bone magnified, E FG is the Point of a 
very ſmall Needle, upon which this little Piece of Bone was ſtuck for Exa- 
mination before the Microſcope, he was not able to repreſent the firſt Sort 
of theſe little Tubes in the Picture, becauſe their Surface was ſo mangled 
in cutting, but the ſecond Sort is repreſented by the Letters H H H, the 


, Arc. Nat. Tom. I. p. 200. 
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48 M the Muſcular or — 
third Sort by the Letters I I I, which are ſeldom circular, but of different 
Shapes, like the great Veſſels in Wood. The fourth Sort are a great 
deal larger, as ſhewn by the Letters K K. The curved Lines L and M 
are little Clefts or Cracks made by the Knife in Cutting. 

To examine the Bones, ſhave off with a very ſharp Razor thin Pieces of 
them croſſways, lengthways, and obliquely, and that from the Inſide, Out- 
ſide, and Middle of the Bone : Then apply to the Microſcope ſome of 
theſe Shavings dry, and others moiſtened with warm Water, by which 
Means you may view the Veſicles in all Directions. Or put the Bones in 
a clear Fire till they are red hot ; then carefully taking them out, you will 
find the bony Cells perfect and entire, and being quite empty, may be 
view'd with great Eaſe and Pleaſure. SS 

They may be applied to the Univerſal Microſcope, Fig. 1. either upon 
the Glaſs R, Fig. 2. or ſtuck upon the Point of a very ſmall Needle, 
which Needle may be held between the Nippers m of the Apparatus V, 
Fig. 2. and thereby examined with Eaſe, and little Bits thereof may be pre- 
ſerved between the Talcs in an Ivory Slider, or in one of the circular Talc 
Rings. 1 N 8 


N 
Of the Muſcular or Fleſby Fibres of Animals. 


R. Leeuwenhoeck hath diſcovered each muſcular Fibre to be made 
up of ſmaller Fibrils, which, notwithſtanding their Smallneſs, he 
plainly diſcern'd to be vaſcular, for on cutting a-croſs their Length, the 
Light might be ſeen thro' their Apertures; but if he cut them ever fo 
little obliquely, could ſee no Light. He alſo obſerved the Structure of the 
Fibres in the Fleſh of an Ox, and of a Mbale, but plainer in that of a Vbale; 
the Fibres of the other being more compact and cloſe, and found alſo that 
the Fibres of a Mouſe were of the ſame Size as thoſe of an Ox, from 
whence he concludes, the different Size of Animals is entirely owing to the 
Number and Length of their Fibres. Theſe fleſhy Fibres appear throughout 
their whole Length, to be encompaſſed as it were with ſpiral Circumvolu- 
tion, as is exactly repreſented in Fig. 69. 1 
Which Diſpoſition ſeems to be wonderfully contrived for Readineſs in 
the Diſtenſion and Contraction of the Fibres. Two of thoſe fleby Fibres 
are repreſented by G H, and I K, Fig. 68. 
To view the muſcular Fibres with the Microſcope, cut off a Piece of 
dried Fleſh or Fiſh, as thin as poſſible, and lay it upon the Glaſs R, of 
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Fleſby Fibres of Animals. "—- 


Fig. 2. and moiſten it with warm Water, which drying ſoon away, will leave 
the Veſſels open and diſtinguiſhable, As the Learned differ in their Opinions 
with Reſpect to the Figure and Structure of theſe little Veſicles, I ſhall 
leave it to the Curious for farther Examination. 

Mr. Leeuwenhoek informs us, that the fleſhy Fibres in Inſects are no leſs 
viſible than thoſe of larger Creatures, which he found by cutting off the 
Legs of Flies, Gnats, Ants, &c. in all which he could plainly diſtinguiſh 

the circular Wrinkles or Circumvolutions encompaſſing the Fibres, as in 

Von cutting the fleſhy Fibres of a Vhale, length-wiſe, and a-croſs, + he 
plainly diſcovered each Particle, or fleſhy Fibre, to be enveloped in a fine 
thin Membrane. It appear'd in the Microſcope, as repreſented Fig. 55. 
in which the Parts lay fo cloſe together, that their encompaſſing Mem- 
branes, repreſented by the black Lines, were but juſt diſcernable ; ſome 
however appear'd larger than others, and theſe, Þ if attentively view'd, 
ſeem'd to be divided into a great many others, ſome alſo cut tranſverſly, 
and crowded ſo cloſe together, that their Figure, as well as Size, was very 

different. Fig. 56, repreſents a thin Slice of the Fleſh of a Vbale, which 
after having been made throughly wet, and applied to the Microſcope, ap- 
pear'd as in the Figure. Upon letting the Moiſture evaporate from theſe 

Slices, the Particles became much ſmaller, and the Membranes, with 
which each was encompaſſed, were very viſible. Fig. 57. repreſents a 
Piece of the ſame Fleſh, wherein the Particles ſeem'd to touch, but on 
their being dried, ſhrunk up, from the ſurrounding Membranes, whereas 
the Membranes themſelves could not ſhrink, becauſe they were all join'd 
together. All along theſe fleſhy Fibres d run Membranes about the Thick- 
neſs of an Hair, and Diſtance of a Grain of Sand; from theſe larger 
Membranes, other Parts were ſpread, dividing each Fibre into a great 
many Fibrils; from whence we may ſay, that each fleſhy Fibre, no bigger 
than an Hair, is a ſmall Muſcle encompaſſed with its peculiar Coat or Membrane 
Fig. 58. repreſents a ſmall Piece of theſe Fibres greatly magnified ; on moi- 
ſtening again the Fibres repreſented by the two laſt Figures (that were dried 
and ſhrivelFd up) they became ſo diſtended, as to fill up the Spaces between 
the Membranes, and re-afſume the Shape they had before they were dried. 
Among ſeveral little Pieces of Fleſh, moiſten'd as above, and placed be- 
fore the Microſcope, there was one, whoſe Particles were not ſeparated up- 
on drying; ſuppos'd to be owing to the ſplitting and tearing t aſunder of 
a large Membrane, which run thro' its Middle, as repreſented in Fig. 59. 
by ORS T VW, where between S T and V, the dried Particles remain 
unſeparated, S W ſhews the thick Membrane that divided this Piece about 


+ #pift. Phy. p. 3. J Ibid. p. 4. 1 Phil. Tran. No. 39. 
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50% Of the Muſcular or 


the Thickneſs of an Hair, that ſent out a Branch at T, and at W was ſplit 


into two. Fig. 60. repreſents a very ſmall Piece, conſiſting only of five 
Fibres cut lengthwiſe, as they appear'd thro' the Microſcope; between C 
and F may be ſeen the little Membranes which encompaſs the Fibrils, but 
are here torn aſunder. Fig. 61. exhibits four ſmall Fibrils of a Piece of 
Fleſh of another Whale, by which it plainly appears, that the Diameters 
of theſe Fibres are as ſmall again as thoſe in the foregoing Figure, therefore 
they muſt be four Times as big as theſe; as each fleſhy Fibre is compoſed 
of a great many ſmaller Fibrils, we may imagine each cf theſe incloſed 
ones, to conſiſt allo of others of the like Nature. | 

Mr. Leeuwenboek, on viewing ſeveral ſmall Fibres of Ox Fleſh, obſerved 
each of its contained Fibrils to be encompaſſed with a thin Membrane; 
but could not ſhew theſe Membranes ſo diſtinctly to others in this Fleſh, 
as in that of a Whale; becauſe the Parts of the firſt are of a Texture 


much more compact and cloſe, than thoſe of the latter; for which Reaſon 


they do not ſhrink ſo much in drying. And is alſo of Opinion, that what he 
has ſaid of the Membranes encompaſſing the Fibres and Fibrils of Whale- 


_ Fleſh, will alſo hold true in other Kinds of Fleſh, even down to that of a 


Rat or Mouſe. | Cs 
Mr. Muys confirms the foregoing Obſervations on the fleſhy Fibres of 


the Muſcles, being compoſed of ſmaller Fibrils, and computes that 500 
or 600 of them may be reckoned into one fleſhy Fibre, whoſe Diameter is 


the 24th Part of an Inch, and that each of theſe Fibrils are alſo made up 
of more than 300 tranſparent Tubuli, but ſo ſlender as not to admit a 24th 
Part of a ſingle Globule of Blood. He has ſhewn, that tho' the fleſhy Fi- 
bres of the Muſcles are joined to the Tendons, and tendinous Membrane 


of a Muſcle; yet thoſe tendinous Fibres are not a Continuation of the fleſhy 


ones, as is generally ſuppoſed. He found that upon injecting warm Wa- 
ter into the crural Artery of a Lamb of a Year old, all the fleſhy Fibres 
loft their Redneſs and became White. He then injected a colour'd Liquor 
into the ſame Artery, upon which not only the ſmall Arteries appear'd re- 
plete with the tingid Liquor, but that it had alſo paſſed thro' each Fibre. 
He alſo obſerved, that ſeveral Branches of the Arteries now became viſibly 
ſpread round the ſmall Fibrils, and tingid with the fame Liquor; and upon 


_ examining the Parts of the fleſhy Fibres, near the Extremity of the Arte- 


ries with a Microſcope, found the ſmall Fibrils filled and tingid with the 
fame Liquor; and not the leaſt Appearance of the Liquor in the Inter- 
ſtices between the Fibrils. And upon injecting another colour'd Liquor by 
the crural Artery, he ſaw not only the Fibres in ſome of the Muſcles, 


and moſt Part of them in others, filled with this Matter, but upon exa- 


mining them in a good Microſcope, found the Fibrils, and even the leaſt 


* Phil. Tranſ. No. 339. bul 
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Tubuli that compos'd them, filled and tingid with the ſame, yet the ſmall 
Ramifications of the Nerves appear'd perfectly white. Whence it appears, 
that the ſmall Tubes which form a FPibril, are really hollow; and that the 
Extremities of the capillary Arteries open into them, and empty therein a 
Part of their Liquor, which is re-conveyed by the Veins into the Heart. 

In the ſpinal Marrow of an Ox, Mr. Leeuwenhoek tells us, he ſaw with 

reat Delight minute hollow Veſſels of an inconconceivable Fineſs, inveſt. 

ed with their Membranes, and extending length-wiſe parallel to each other, 
make up their Compoſition. He did not only diſcern their Cavities, which 
he computed to be 3 times leſs than their Diameters, but in ſome perceived 
the Orifices, as the Holes in a prick'd Paper are ſeen, when held againſt 
the Sun, This Examination requires the utmoſt Dexterity. For after a | 
thin Slice of the ſpinal Marrrow is placed before the Microſcope, in lets 
than a Minute's Time it becomes dry, and the whole Appearance loſt *. 

He alſo examined the Brain of an Indian Hen, a Sheep, an Ox, a Spar- 
row, &c. and did in them diſtinguiſh Multitudes of Veſſels extreamly ſmall ; 
and farther ꝶ obſerv*d, that the Veſſels in the Brain of a Sparrow are no 
| ſmaller than in an Ox, and from thence he argues, that there is no other 
real Difference between the Brain of a larger and a ſmaller Animal, but 
only a greater or a ſmaller Number of Veſſels; and that the Globules of 
the Fluid paſſing thro' them, are in both of the ſame Size. 


CHAP. XIV. 
Of Hazrs. 


RO M Malpbigi's curious Obſervations of the Hair, we are inform- 
ed, that they are compos'd of a Number of extreamly minute Tubes, 
which are moſtly diſtinguiſhable near the End of the Hairs, in a Horſe's 
Main and Tail, and in the Briftles of a Boar, wherein thoſe Tubes ſo ma- 
niteſtly appear, that he could ſometimes reckon above 20 of them ; and 
in the Hedge-Hog's Prickles, he plainly law thoſe Tubes, together with 
medullary Valves and Cells. : 
That which this ſagacious and not enough to be commended Obſerver, 
took Notice of in the Structure of Hair, and its Parity to the Spines, $ 
is obſervably true in ſome Meaſure in the Hairs of Cats, Rats, Mice, and 
in divers other Animals, which look very prettily when viewed . with a 
good Microſcope, 
Fig. 63. A, B, C, repreſents three cylindrical Pieces of nnen Hairs, they 
are cranſparent throughout their whole || Length ; and are compoſed of [mall 


* Arc. Nat. Tom. III. p. 310, 355, 440. 4 Ibid. Tom. L Part I. 5. 38. 8 Derbants 
Phiſ. Theſ. p. 220. || Hook's Microgra. 1 Ed. p. 158. 
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7 Of Harzrs. 
long tubular Fibres, encompaſſed with a Kind of Bark; from which Struc- 
ture, the Ends of long Hairs when ſplit, appear like a Stick ſhrivelled with 
Beating, ſome of them in Men, Horſes, Sheep, Hogs, &c. having fix or 
more Splinters. | | : 
Fig. 64. repreſents a cylindrical Piece of the Hair, or Briſtle of an Hog, 
which is neither perfectly round nor ſharp edged, but priſmatical, with di- 
vers Sides and roundiſh Angles. 
Part of a Whiſker of a Cat cut tranſverſly, is repreſented by the ſhort 
Cylinder, Fig. 65. which ſeem'd to have a large Pith in the Middle, like 
that of Elder. | 5 5 


The Hairs of Indian Deer appear perforated from Side to Side. The 


long Hairs of Horſes, as at D E F, Fig. 66. ſeem cylindrical, and ſomewhat 
Pithy. „ | 5 
The. Hair of a Mouſe ſeems to be one ſingle tranſparent Tube, with a 
Pith, made up of a fibrous Subſtance, running in dark Lines, in ſome 
Hairs tranſverſly, in others ſpirally, theſe darker medullary * Parts are no o- 


ther than ſmall Fibres convolved round; and lying cloſer together than o- 


ther Parts of the Hair; they run from the Bottom to the Top of the Hair, 


and it is apprehended that they run round in a Screw-like Faſhion. AB, 


Fig. 67. repreſents that Part of the Hair which grew near the Skin, the 
middle Part of the ſame Hair is ſhewn at C D, and the Point of it at 
EF. CY | 


Hairs taken from the Head, the Eye-brows, the Noſtrils, the Beard, 
the Hand, and other Parts of the Body, appear unlike, as well in the 


Roots as in the Hairs themſelves, and vary as Plants do of the ſame Ge- 
nius, but of different Species. | 5 | 


Fairs have each a round bulbous Root, which lies pretty deep in the 


Skin, being planted in the pyramidal Papillæ, and, by this imbibe their 


proper Food from the adjacent Humours, and as hinted above, their Ex- 


tremities ſplit or divide in two or three Branches, eſpecially when kept 
dry, and left to grow too long ; ſo that what to the naked Eye appears 
only a ſingle Hair, to the Microſcope ſeems a Bruſh. 


CHAP. XV. 
Of the Scales in Human Skin. 
HE Cuticula, ſcarf Skin, or outward Covering of the Body, is re- 
markable for its Scales and Pores. 
The Scales grow upon our Bodies, juſt as the Scales grow upon the ex- 


Arc. Nat. Tom. II. p. 47. K 
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Of the Scales in Human Skin. 73 


ternal Skin of a Fiſh, * and are placed as in Fiſhes three deep, i. e. each 
Scale is fo far cover'd by two others, that only a third Part thereof appears, 
as at M, Fig. 70. their lying over one another, may be the Cauſe why the 
Skin of the Body appears white ; for about the Mouth and Lips, where 
they only juſt meet together, and do not fold over, the Blood-Veſſels are 
ſeen thro', and the Parts look red. h 
The perſpirable Matter is ſuppoſed to iſſue between thoſe Scales, (which 
lie over the Pores or excretory Veſſels, through which the watery and ot! 
Humours perſpire) and may find Vent in an hundred Places round the 
Edges of the Skin. | ok 
A Piece of Skin taken from between the Fingers, Neck, Arms, Forehead, 
or any other Part of the Body which is not hairy, ſerves beſt to ſhew the 
Scales: Or if they be ſcraped off with a Penknife, and put into a Drop of 
Water, and ſo applied to the Microſcope, they will be ſeen to good Ad- 
vantage, as at L, Fig. 70. and generally conſiſt of five Sides. © 
Mr. Leeuwenhoek tells us 200 of. them may be covered with a Grain of 
Sand , ſo that if a Grain of Sand can cover 200 of thoſe Scales, it will al- 
ſo cover || 20,000 Places through which Perſpiration may iſſue. 


To view the Pores of the Skin. 


Cut a Slice of the upper Skin with a ſharp Razor, as thin as poſlible 
and then immediately cut a ſecond Slice from the ſame Place, which apply 
to the Microſcope, in a Piece about the Bigneſs of a Grain of Sand, innu- 

merable Pores will be perceived. If a Piece of the Skin between the 
Fingers, or in the Palm of the Hands, be thus prepared, and then exa- 
mined, the Light may very pleaſantly be ſeen thro' the Pores. 

The Pores thro' which we perſpire, are moſt remarkable in the Hands and 
Feet &; for if the Hand be well waſhed with Soap, and examined but with 
an indifferent Glaſs, in the Palm, or upon the Ends and firſt Joints of the 
Thumb and Fingers, innumerable little Ridges parallel to each other, of 
equal Diſtance and Bigneſs, will appear; upon which the Pores may be per- 
ceived by a very good Eye, but when view'd thro' a very good Glaſs, every 
Pore ſeems like a little Fountain, with Sweat ſtanding therein, as clear as 
Rock Water, and if wiped away, it will be found immediately to ſpring 
up again. | | 


* Phils. Tranſ. No. 159. + Arc. Nat. Tom. I. Par. II. p. 208. || Are. Nat. Tom. IV. 
5. 48. Y Philo). Tran}. No. 159. 
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Of Feathers. 


HE Feathers of molt Sorts of Birds afford a beautiful Variety, ob- 

ſervable in that incomparable Curioſity with which every Feather is 
made ; the Vanes thereof are curiouſly gaged, broad on one Side, and nar- 
row on the other; both which adminiſter to the progreſſive Motion of the 
Bird, as well as to the Union and Cloſeneſs of the Wing; and no leſs ex- 
quiſite is the textrine Art of the Plumage alſo, which is ſo curiouſly 
wrought, and fo artificially interwoven, that it cannot be viewed without 
Admiration, eſpecially if the Eye be armed with a Microſcope. 

Mr. Hook obſerves, that the Make and Texture of their downy Parts 
are moſt admirable; for, ſays he, there is ſcarce a large Feather, but con- 
tains near a Million of diſtinct Parts, and every one of them regularly 
ſhaped ; with his naked Eye he counted 300 of the long downy Branches 
on one Side, and an equal Number on the other Side of more ſtiff and 
ſhorter Branches, in a middle ſized Gooſe Quill, and examining many of 
thoſe long downy Branches with his Microſcope, found ſeveral of them to 
contain near 1200 ſmall Leaves, ſuch as A B of Fig. 71. and as many 
Stalks on the other Side, ſuch as A C, of the ſame Figure, each of theſe 
Branchings A B, ſeemed divided into 16 or 18 ſmall Joints, out of moſt of 
which grew long ſlender Fibres, as are expreſſed in the Figure by a be d, 
ſeveral of which terminated in a Hook; thoſe on the other Side were 
much ſhorter, the Stalks A C were divided into as many knotted Joints, 
but without Strings or Hooks, being divided at D into two Parts, one 
Side extended from D towards C, in Length equal to A C, the other Side 
at D was very ſhort. The tranſverſe Section of theſe Stems or Branches, 
were ſhaped like E F G H, whoſe Covering appear'd like Horn, and the 
Pith like that of the main Stem of the Feather ; theſe Stems or downy 
Branches are ſo ranged, that the Leaves or hairy Stalks of the one, lie at 
Top, or are incumbent on the Stalks of the other, and croſs each other, 
much after the Manner of Fig. 72. by which Means, each of thoſe little 
hooked Fibres get between the naked Stalks, which being full of Knots, and 
a pretty Way disjoined, the two Parts are ſo cloſely and admirably wove 
together, as to reſiſt the Air; and are ſo extreamly ſmall, that the 5ooth 
Part of an Inch exceeds them. in Thickneſs, 785 

The Parts of the Feathers of a Peacock, appear through the Microſcope 
no leſs beautiful than the whole Feather does to the naked Eye ; the Stem 
of each Feather in the Tail, ſends out Multitudes of lateral Branches; 


uch as A B, of Fig. 73. which repreſents 7+ Part of an Inch, m 4 
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Of Feathers. — oF 
theſe lateral Branches emits Numbers of little Sprigs or Hairs, on each Side 
as CD, CD, C D, each of which in the Microſcope appear to conſiſt of 
a Multitude of bright ſhining Parts, which are a Congeries of ſmall Plates, 
as e, e, e, e, e, Cc. each ſhaped like a, b, c, d, of Fig. 74. a c 
being a Prominency or Stem; and d and b the Corners of two ſmall 
thin Plates, that grow into the ſmall Stalk in the Middle, making a 
Kind of little Feather, and lie cloſe to, or rather upon each other in the 


Manner of Tiling ; they grow on each Side of the Stalk, oppoſite to each 


other, by two and two in the Manner expreſſed by Fig. 75. the Tops of 
the lower ones covering the Roots of thoſe next above them ; the under 
Sides of each of theſe Plates are very dark and opake, reflecting all the 
Rays caſt upon them; much like the Foil of a Looking-Glaſs ; but their 
upper Sides ſeem to conſiſt of a Multitude of exceedingly thin plated Bo- 
dies, lying cloſe together, and thereby like Mother of Pearl Shells do not 
only reflect a very briſk Light, but even tinge that Light fo reflected in a 


moſt curious Manner, which by various Poſitions of the Light, reflect firſt 


one Colour and then another, in a moſt vivid and ſurprizing Manner. And 
that theſe Colours ariſe only from the Refraction of Light: He found 
that wetting the colour'd Parts with Water, deſtroyed their Colours, and 
though he was not able to ſee thoſe Hairs at all tranſparent in common 
Light, yet by looking at them againſt the Sun, found them to be tinged 
with a darkiſh Red, not at all reſembling the curious Greens and Blues 
they exhibit. | 

The changeable colour'd Feathers of Ducks, and ſeveral other Birds, he 


found upon Examination with the Microſcope to proceed from the ſame 


Cauſes and Textures. — 
The beſt Way to apply one of theſe ſmall downy Fibres to the Micro- 
ſcope, is to pinch them between the Nippers. 


Mr. Derham, in his Deſcription of the Vanes of a Flag Feather of a 


Gooſe's Wing, obſerves theſe two Particulars, 1. That the exterior or nar- 
row Vanes bend downwards; the interior, wider Vanes upwards ; by 
which Means they catch hold, and lie cloſe to one another, when the 


Wing is ſpread, ſo that not one Feather may miſs its full Force and Im 
pulſe. 2. That the very Tips of theſe Feathers are alſo neatly ſloped to a 


Point, towards the outward Part of the Wing. The exterior Vanes to- 
wards the Body. | | | 
The Vane or Web of a Feather, conſiſts of ſeveral Laminæ, which are 
thin, ſtiff, and ſomewhat of the Nature of a thin Quill, towards the Shaft 
of the Feathers (eſpecially in Flag Feathers of the Wing) thoſe Laminæ 


are broad, and of a ſemicircular Form, which ſerves for Strength, and al- 


| fo for ſhutting theſe Plates cloſe to one another, when Impulſes are made 
upon the Air. Towards the outer Part of the Vane, theſe Laminæ grow 


ſlender and taper, on their under Side they are thin and ſmooth, bur are 
partec 
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parted into two hairy Edges on the Upper: Each Side having a different 
Sort of Hairs laminated, or broad at Bottom, and ſlender and bearded 
above the other half. 

The uppermoſt Edge of one of the Laminæ, with ſome of the Hairs 
on each Side, is repreſented in Fig. 76. as it appears a little magnified in 
the Microſcope. Theſe bearded Briſtles, or Hairs, are ſtreight on one 
Side thereof, as Fig. 77. thoſe on the other Side have hooked Beards on 

one Side of the Briſtle, and ſtreight ones on the other, as Fig. 78. both 
theſe Briſtles magnified (only ſcattering, and not cloſe) are repreſented, as 

they grow upon the upper Edge of the Laminz  t, in Fig. 76. and in the 

Vane, the hooked Beards of one Laminæ, always lie next the ſtreight Beards 
of the next Laminz, and by that Means lock and hold each other, and 
by a pretty Mechaniſm, brace the Laminæ cloſe to one another. And if 


at any Time the Vane happens to be ruffled and diſcompoſed, it can by this 
eaſy Mechaniſm, be reduced and repaired. 


CHAP. XVII. 
Of Flies. 
PS A 


THE common Fly is an Object beautifully ornamented with a Mix- 
ture of Silver and Black, and thick ſet with Briſtles, pointing from 
its Head towards the Tail; in its Head are two large hemiſpherical Eyes, 
embroider'd with Silver Hairs, a wide Mouth, an hairy Trunk, and a Pair 
of ſhort Horns. Its Trunk has two Parts folded over each other, and 
ſheathed in the Mouth, whoſe Extremity is ſharp. In thoſe Flies which 
are of a light Colour and more tranſparent than others, the Motion of the 
Inteſtines may be plainly ſeen, and alſo the Motion of the Lungs, as they 
alternately dilate and contract themſelves. | 
In general, the Female Fly is ſupplied with a moveable Tube at the 
End of her Tail, by the Extenſion of which ſhe can convey her Eggs into 
convenient Receptacles, ſuch as may afford a proper Nouriſhment to the 
Young. From theſe Eggs proceed minute Maggots or Worms, repreſent- 
ed in Fig. 79. which after feeding voraciouſly for ſome Time, arrive to 


their full Growth, and are transform'd into little Aurelias as in Fig. 80. 


2 after a longer Space of Time, they iſſue forth perfect Flies, as 
18. 81, | 


SECT. 
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Of the Feet of Flies, &c. 
F 82. A, is a microſcopick Repreſentation of the Foot of a H W in 
which is ſeen three of its Joints, the two Talons, and the two ſkinny 


| 
ö Palms or Soles in a flat Poſture. Fig. 82. B, ſhews only one Joint, the 
| Talons, &c. in another Poſture, which is ſo admirably and curiouſly con- | 


trived, as to enable the Flies to walk againſt the Sides of Glaſs, and to ſuſ- 
pend themſelves under the Surface of a Ceiling, with the greateſt ſeeming 
Facility and Firmneſs. The two Talons AB, AC, are very large in Pro- 
portion to the Foot, the biggeſt Part of them from A to II, is all hairy, | | 
their Points C and B ſmooth, and bending inwards. Each of theſe Talons | 
are jointed at A, fo that the Fh is able to open and ſhut them at Pleaſure : 
The Claws readily enter the Pores of moſt Subſtances, at which Time, as 
the Fly endeavours to ſhut them, the Claws C B, do not only draw towards, 
but fix each other; and alſo draw the whole Foot GG A D D forward; 
ſo that on a ſoft Body, the Points GG G G (of which the Fly has about ten 
to each Foot) enter. This is ſenſible to the naked Eye, in the Feet of a 
Chaffer, and if you ſuffer him to creep over the Hand, he makes his Step 
as ſenſible to the Touch alſo. „„ 
But as this Contrivance often fails the Chaffer, ſo would it the Fly, had 
not Nature furniſhed his Feet with another curious Contrivance, which is 
the Palms or Soles D D. They are two ſmall, rhin, flat, and horny Sub- 
ſtances, that ariſe from the under Part of the laſt Joint of the Foot, and are 
ſeemingly flexible; ſo that their two Sides do not always lie in the ſame Plain, | 
but may be ſhut cloſer, and as it were graſp a Body of themſelves : Beſides, | 
the under Sides of theſe Soles are all beſet with ſmall Briſtles, like the Wire 1 
- Teeth of a Card, whoſe Points tend forward. Hence the Talons drawing | 
the Feet forward as before, and theſe Soles being applied to the Surface of 
the Body, with all its Points looking the contrary Way, if there be any 
Irregularity, or yielding therein; the Fly ſuſpends itſelf very firmly and 
eaſily. That the Fly is enabled to walk on Glaſs, proceeds partly from a 
Ruggedneſs of the Surface, or a Kind of Tarniſh or dirty ſmoaky Sub- 
ſtance, adhering to the Surface of that very hard Body; and tho' the 
pointed Parts cannot penetrate, yet they may find Pores enough in the 
Tarniſh, or at leaſt make them. This Structure Mr. Hook ſurveyed with 
great Diligence, becauſe he could not comprehend, that if there was any 
ſuch glutinous Matter in thoſe ſuppoſed Sponges (as moſt that have ob- 
ſerved that Object in a Microſcope, have believed) how the Fꝶ could ſo 


readily unglew and looſen its Feet; and alſo becauſe he had found no other 
Creature any Ways like it. 
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A Contrivance nearly alike to this is to be found in all Kind of Flies, 
and Caſe winged Inſects, and in the Flea, in Mites, &c. ſome of which 
have only one ſharp Talon at the End of each Leg. Which drawing to- 
wards the Center or Middle of their Bodies, enable theſe exceeding light 
Bodies to ſuſpend and faſten themſelves to almoſt any Surface. This will 
not ſeem ſtrange ; if we conſider firſt how ſmall their Bulk is when com- 
pared to their Superficies, their Thickneſs frequently not amounting to 
the 100th Part of an Inch. Secondly their Strength and Agility compared 
to their Bulk, which in that Proportion perhaps may be an 100 times 
ſtronger than an Horſe: Thirdly, if we conſider that Nature always ap- 
propriates the Inſtruments in the moſt fit, eaſy, and ſimple Manner poſ- 
ftible to perform their Office; which is alſo verified in the Foot of a 
Louſe, each of his Legs being footed with two ſmall Claws, with whieh 
it graſps, and thereby moves itſelf ro and fro upon the Hairs of the Crea- 
ture it inhabits. | | 
The Legs of Flies are beſt applied to the Unwver/al Microſcope, by being 
either ſtuck upon the Pdint, or held between the Nippers. Though we 
frequently place them between two Talcs in an Ivory Slider. 


VVV @ T+ a 
Of the Eyes and Head of a Grey Drone Fly. 


THE Structure of the Eye in all Creatures, is an admirable Piece 
of Mechaniſm ; but the beautiful Contrivance of the Eyes of Inſects 
is fo pecuiiar, that it muſt excite our Admiration, fo fenced with its own 
Hardneſs, that its own accurate Viſion is a good Guard againſt external 
Injuries; its outward Coat being all over beſet with curious lenticular Inlets; 
enabling thoſe Creatures to ſee very accurately every Way, without any 
Interval of Time, or Trouble to move the Eye towards Objects “. = 
See Fig. 83. This Fly was made Choice of, becauſe the Inquiry being 
chiefly about the Eyes, it was found to have the biggeſt Cluſter of Eyes, 
in Proportion to its Head, of any other ſmall Fly. It inclining ſomething 
towards the Make of the large Dragon Fly, which is the moſt remarkable 
of all other Inſects for its fine pearled Eyes. 7 
The greateſt Part of the Head was nothing elſe but two large Protube- 
rances, AB CD E, whoſe Surface was cover'd over with a Multitude of 
_ ſmall Hemiſpheres, placed with the utmoſt Regularity in Rows, croſſing 
each other in a Kind of Lattice-Work. 2 
That half of them C D E, C D E, which looked towards its Legs, were 
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obſerved to be ſmaller than the other half ABCE, ABCE, which 
looked upwards and ſideways. The Surface of theſe Hemiſpheres were fo 
exceeding ſmooth and regular, that in each of them Mr. Hook was able to 
diſcover a Landſcape of thoſe Things which lay before his Window, Part 
of which was a large Tree, whoſe Trunk: and Top he plainly faw. Alfo 
the Motion of his Hand and Figures, if moved between the Object and 
the Light. Theſe Rows of Eyes were fo diſpoſed, that no Object was vi- 
fible from his Head, but fome of theſe Hemiſpheres were directed againſt 
it: And further, that where the Trunk of the Body ſeem'd to hinder the 
Proſpect, theſe Protuberances were elevated, ſo that a Fly may be truly 
faid to have an Eye every Way, Theſe little Hemiſpheres have each of 
them a minute tranſparent Lens in the Middle, each of which hath a diſtinct 
Branch of the optick Nerve miniſtring to it, and rendering it as ſo many 
diſtinct Eyes; ſo that as moſt Animals are binocular, Flies, Beetles, &c. 
are multocular, having as many Eyes as there are Perforations in their 

Cornea *. By which Means as other Creatures are obliged to turn their 
Eyes to Objects, theſe have ſome of their Eyes ready placed towards Ob- 
es nearly all round them. 

Two of theſe optick Nerves are repreſented as delineated by Mr. Leeu- 
_ wenhoek, in Fig. 84. And in Fig. 85. are exhibited + a great many of 
them in a Cluſter, as they appeared before the Microſcope, whereof that 
Part of them which was fituate next the Cornea is ſhewn by the Letters 
NO P; it is alſo obſervable, that thoſe Nerves, which were neareſt to the 
Circumference of the Cornea, were ſhorter than thoſe next within them; 
and ſo on, till they arrive at the central Nerve, which is the longeſt of all. 
The Number of the Pearls in this Fly, Mr. Hook reckon'd to be 14000. 
Mr. Leeuwenboet computed 6236 in a Silk-worm's two Eyes, when in its 
Fly State; 3181 in each Eye of a Beetle; and 8000 in the two Eyes of a 
common Fh. | 
Cut off the Eye of any Fly, and with a Pencil, and ſome clean Water 
_ waſh out all the Veſſels; thoſe Veſſels may be examined by the Micro- 
ſcope, and then if you carefully dry the outward Covering, fo as not to let 
it ſhrink, it will be rightly prepared for making Experiments ; and upon 
viewing it, we ſhall diſtinguiſh the numerous Protuberances or Hemi- 
ſpheres divided from one another with a ſmall Light, iſſuing between them, 
and fix Sides to each. Mr. Leeuwenhoek having prepared an Eye in this 
Manner, placed it a little farther from his Microſcope than when he would 
examine an Object, ſo as to leave a right and exact focal Diſtance between it 
and the Eens of his Microſcope; and then look'd thro' both, in the Manner ot 
a Teleſcope, at the Steeple of a Church, which was 299 Feet high, and 
750 Feet from the Place where he ſtood; and could plainly fee through 
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every little Lens, the whole Steeple inverted, tho? not larger than the Point 
of a fine Needle; and then directing it to a neighbouring Houſe, ſaw 
thro? Abundance of the little Hemiſpheres, not only the Front of the Houſe, 
but alſo the Doors and Windows, and was able to diſcern diſtinctly whether 
the Windows were open or ſhut. | 

An Eye of a Fh thus prepared, may be held between the Nippers for 
Examination. But the Head of any Fly is beſt ſeen when ſtuck upon one 
of thoſe Ivory Slips, or Pieces of Card, or Holly, with ſome ſtrong Gum 


Water, and applied to the Microſcope under the Silver Reflecter, which 
Slips may be held in the Nippers. 


N. B. The Hams F F, the Feelers G G, the Proboſcis H H, and the 
Hair and Briſtles K K, ſhall be deſcribed | in Sect, V. of this Chapter. 


ne 
Of the Wings of Flies. 


1 HE Vings of all Kinds of Inſects afford an infinite Variety, no leſs 

agreeable to the Mind, than pleaſing to the Eye ; being diſtended 
and ſtrengthened by the fineſt Bones, and cover'd with the lighteſt Mem- 
branes. Some of them are adorned with neat and beautiful Feathers, and 
many of them provided with the fineſt Articulations and Foldings, for the 
Wings to be withdrawn, and neatly laid up in their Fagine and Caſes, and 
again readily extended for Flight. 

This of the blue Fly, Fig. 86. here exhibited, is not without its pecu- 
liar Ornaments ; it grows out of the middle Part of the Body of the Fly, 
and is ſeated a little beyond the Center of Gravity thereof, towards the 
Head ; but that is curiouſly ballanced by the expanded Area of the Wing, 
which conſiſts of ſeveral bony Ribs, that give Strength to the filmy Parts 
which are thickly beſet with innumerable ſmall Briſtles, intermixed with as 
many dark Spots, which ſeem to be the Roots of the Hairs that grow on 
the other Side. 

Of other Flies, ſome of their Vi ings are filmy, as the Dragon Flies ; 0- 
thers ſtuck over with ſhort Briſtles, as the Fleſb Fly ; others have divided 
Il ings, as the grey and white feather'd Moths; many Sorts of Gnats Wings 
are adorned with Rows of Feathers along their Ridges, and Borders of Fea- 
thers round their Edge ; ſome have Hairs, and others Hooks, placed with 
the greateſt Regularity and Order. In the Butterfly and ſome Moths, there 
are an infinite Number of ſmall Feathers, which cover both the under 
and upper Surfaces of this thin Film, not only ſhaped much like the Fea- 
_ thers of Birds, but alſo variegated with the greateſt Variety of curious 
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bright and vivid Colours; which is evident to the naked Eye, but much 
more entertaining when viewed thro' the Microſcope ; by which we are in- 
formed, that theſe curious colour'd minute Feathers end in Quills, and are 
placed in orderly Rows with great Exactneſs, as the Holes they come 
from ſhew when they are robbe off. | 

Fig. 87. repreſents a ſmall Piece of a Butterfly's Wing; A B ſhews one 
of thoſe bony R:bs that gives it Strength, along whoſe Sides are ſuppoſed 
to branch out various Blood- Veſſels, conveying Nouriſhment to the interme- 


diate Parts; although no Circulation can be diſcern'd therein, we can ſcarce 


doubt but that a continual Supply of Juices muſt be carried on to theſe mi- 
nute Quills, Hairs, and Briſtles; C, C, C, exhibits: three of theſe ſingle 
Plumes, with their Quills adhering to the tranſparent Membrane of the 
Wing, in which Membrane G, G, G, when diveſted of its Feathers, may 
be ſeen, the Order of Pits or Holes where the Quills are rooted, and from 
whence they ſhoot, D, E, E, ſhews a few of the Feathers exactly in the 
Form as they cover the whole Wing. | | 


Some Flies have Hairs, and all the Scarab Kind have Elytra, or Caſes 


into which their Wings are folded and preſerved, till they want to employ 
them, as in Fig. 110. ſome of theſe Caſes reach almoſt to the Extremity of 
their Tail, as in moſt Kinds of Beetles ; and in others are very ſhort, as in 


the Earwigg. They do by a very curious Mechaniſm extend and with- 


draw their membraneous Wings. It is very curious to ſee them prepare 


themſelves for Flight, by thruſting out, and then unfolding their Wings; 


and again withdraw thoſe Joints, and neatly fold in the Membranes, to be 
laid up ſafe in their Elytra or Caſes ; for which Service the Bones are ad- 
mirably placed, and the Joints miniſtring thereto are accurately contrived 
for the moſt compendious, and commodious folding up of the Wings. 
Mr. Hook hath obſerved the Motion of theſe filmy Wings in ſome mi- 
nute ſpinning Flies, which naturally ſuſpend themſelves as if pois'd and 
ſteady in one Place of the Air, in which by a faint Shadow he could per- 
. ceive the utmoſt Extremes of the vibrative Motion; which Shadow, while 


they endeavour'd to ſuſpend themſelves, was not very long; but when they 


endeavour'd to fly forward, it was ſomething longer; he alſo fixed the Legs 


of a Fly with Glew or Wax, upon the Top of the Stalk of a Feather, and 


then making it endeavour to fly away, was thereby able to view it in any 
Poſture ; and found the Motion of the extreme Limits of the Vibrations, 
to be about the Length of the Body diſtant from each other; and con- 
cluded by the Sound, that the Wing was moved forwards and backwards 
with an equal Velocity, (and comparing it with a muſical String tuned 
Uniſon to it) the Vibrations whereof are ſo ſwift, that it is probable there 
are many hundred, if not thouſand Vibrations in one Second of Time, 
and ſuppoſes them the ſwifteſt Vibrations in the World; whence he reflects 
on the Quickneſs of the animal Spirits, which ſerve to ſupply this O_ 

| | — 
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lt is obſervable that moſt Inſects are provided with a little Ball,“ or Blad 
der under each Wing, fix'd at the Top of a ſlender Stalk, moveable every 
Way at Pleaſure; in ſome they ſtand alone, in others (as in the whole 
Fleſh Fly Tribe) they have little Covers, under which they lie and move; 
with theſe Poiſes, and ſecondary leſſer Wings, they obviate all the Vacil- 
lations of their Body, and poiſe it in Flight, as a Rope-Dancer ballances 
himſelf by his Pole loaden at each End with Lead. 

If one of theſe be cut off, the Creature flies aukwardly for a-while, and 
at laſt falls to the Ground. Theſe Bladders being hollow, may ſerve like- 
wiſe to produce the Noiſe many Sorts of Flies make by ſtriking their 
Wings againſt them; Inſects that have four Wings ballance themſelves 
with the two leſſer ones, | | | 

The Wings of Flies are beſt applied to the Microſcope between two 
Muſcovy Talcs, in an Ivory Slider. ; 

If with an Hair Pencil, or Point of a Penknife, you gently bruſh or 
ſtroke off ſome of the minute Feathers from the Wings of Butter- 
flies, and ſome Sort of Moths ; then breathe upon a ſingle Talc in one of 
your Sliders, and apply it to the Feathers, which ſeem only like a fine 
Duſt, they will immediately adhere to it; if upon their Application to the 
Microſcope they lie not to your Mind, wipe them off, and put on others 
in the ſame Manner, till they lie fair for Examination, then cover them 
with another Talc, and faſten them down with a Ring. 


S E c r. V. 
Of a Blue Fh. 


IVI. 86. repreſents a microſcopical Picture of this Fly ; it has many 
Things about it worthy of Note ; ſeveral of which are already de- 
ſcribed, viz. the Head, Eyes, Wings, and Feet. 
The Clufters of Eyes in this Fly are much ſmaller than that of the Drone 
Fly in Proportion to its Head, Between theſe two Cluſters of Eyes ap- 
pear'd a ſcaly Prominency B, armed and adorned with black Briſtles, ſharp, 
and tapering, growing in Rows on either Side, and bending towards each 
other, formed a Kind of briſtly Arbor, which almoſt cover'd the fore Front; 
at the End of this Arch, and about the middle of the Face on a riſing Part 
C, grew two oblong Bodies D D, which through the Microſcope looked not 
unlike the Pendants of Lillies, and appear'd to be jointed on two ſmall 
Parts at C, each of which ſeem'd again jointed into the Front: Out of the 
upper Part of each of theſe Horns grows a Feather, or bruſhy Briſtle E E, 


»Der. Phy. Th. p. 377. | 
en 


A 


, . s 
wa. FAKE r 5 e B n $5573 . 


Of Fhes. 67 
en the under Part of the Face F F, were ſeveral of the former Sort of 
bended Briſtles; and below all is the Mouth, out of which grew the Pro- 
boſcis G HI; which by Means of ſeveral Joints, the Fly was able to move 
to and fro, and to thruſt in and out as it pleaſed. The End of this hol- 
low Body, which was cover'd over with ſhort Hairs, ſeem'd bent at H, 
and the foremoſt Side of the bended Part ſlit into two Chaps * HI, H I. 
Theſe he could open and ſhut very readily, and when he ſeem'd to ſuck 
any Thing from the Surface of a Body, he would ſpread thoſe Chaps, and 
apply the hollow Part of them cloſe to it. cs 

From either Side of the Proboſcis, within the Mouth, grow two ſmall 
Horns K K, which were hairy and ſmall in this Figure, but of another 
Shape, and bigger in Proportion in Fig. 83. where they are marked G G, 
which two are generally called, the Antennæ or Horns of Inſects; Mr. 
Derham imagines them to be abſolutely neceſſary to the ſearching out and 
finding their Way, F as their Eyes are immoveable ; ſo that no Time is re- 
quir'd for their turning them to Objects; there is no Neceſſity that the 
Retina, or optick Nerve, ſhould occaſionally be brought nearer to, or re- 
moved farther from the Cornea, as it 1s in other Animals ; but their Cornea 
and optick Nerve being always at the ſame Diſtance, and fitted only to 
ſee diftant Objects, they would be infenſible of, and apt to run their 
Heads againſt Bodies very near them, were they not aſſiſted by their 
Feelers : And that this, rather than wiping the Eyes, as ſome have ima- 


gined, is the particular Uſe of the Feelers, and is apparent from the Fleſh 


Fly, and many other Inſects, which have their Antennz fo ſhort and 
ſtreight, as not to be capable of being bent unto, or extended over the 
"The middle Part of this Fly was caſed with a firm Coat of Armour, the 
upper Part of which was thickly beſet with conical Briſtles, pointing back- 
wards ; from its under Part fprang ſix Legs, thee of which are apparent 
in the Figure at M, N, O; they were all of the ſame Structure, being co- 
ver'd with an hairy Shell, and compoted of eight Joints, to the laſt of 
which grew the Soles and Claws before deſeribed in Page 57. From the 
upper Part of the Trunk grew the two Wings, which are-deſcribed Page 60, 
the hinder Part of his Body was of a moſt curious ſhining Blue, and exactly 
like poliſned Steel, brought to that Colour by Nealing. . 

The lamellated Autennæ of ſome, the cavelated of others, the neatly 
articulated of others, and the feather d or tufted of others, are exceedingly 
beautiful when viewed through a Microſcope. | 

And in ſome theſe Antennæ diſtinguiſh the Sexes, || for in the Gnat Kind 
all thoſe with Tufts, Feathers, or Bruſh Horns, are Males; and thoſe with 
ſhort ſingle ſhafted Antenne, are Females. 
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Flies of any Kind may be examined in the Microſcope, by ſticking the 
upon the Point, or pinching any Part of them between the Nippers, an 
ſo applied to the Magnifier under the reflecting Concave, if it be opake. 
And if you are deſirous to keep its Head, or any other Part, it may be 
| ſtuck with Gum Water upon a Piece of Card, or upon one of thoſe Ivory 
or Holly Slips, mentioned before in Page 31. 7 

It is very obſervable, that Inſe#s take particular Care to depoſite their 
Eggs or Seed in ſuch Places, where they may have a ſufficient Incubation, 
and where the Young, when hatched, may have the Benefit of proper 
Food till they become able to ſhift for themſelves. Thoſe whoſe Food is 
in the Water, lay their Eggs in the Water; thoſe to whom Fleſb is a proper 
Food, in Fleſh; and thoſe to whom the Fruits or Leaves of Vegetables are 
Food, are accordingly repoſited, ſome in this Fruit, ſome in that Tree, and 
ſome in that Plant, and ſome in another, but conſtantly the ſame Kind in 
the ſame Tree, Sc. 

As for others that require a more conſtant and greater Degree of Warmth, 
they are provided by the parent Animal with ſome Place in or about the 
Body of other Animals; ſome in the Feathers of Birds, ſome in the Hair 
of Beaſts, ſome in the Scales of Fiſhes, ſome in the Noſe, ſome in the 
Fleſh, nay ſome in the Bowels and inmoſt Receſſes of Man, and other 
Creatures. And as for others, to whom none of theſe Methods are pro- 
per, they make them Neſts by Perforation in the Earth, in Wood, in 
Combs, and the like, carrying in, and ſealing up Proviſions that ſerve both 
for the Production of their Young, and for their Food when produced. 

In Flies, Butterflies, &c. it is obſerved there is a kind of Gluten, by 
which the Female faſtens her Eggs to the bearing Buds of Trees, &c. fo 
that the Rains cannot waſh them off, nor the ſevereſt Froſt hurt them. 


"DRE T- VE 
Of Inſefts that infeſt Fruit and other Trees. 


HESE InſeFs are of the Ichnumon Fly Tribe, that generated in 
the Plumb, is black, of a Middle Size, its Body near ths of an 
Inch long, its Tail not much leſs, conſiſting of three Briſtles, wherewith it 
conveys its Eggs into Fruit, its Antennz long, ſlender, recurved ; its Belly 
longiſh, tapering, ſmall towards the Thorax, Legs reddiſh, Wings mem- 
braneous, thin and tranſparent, in Number four. | 
The Bloſſoms of Apples and Quinces are infeſted with Multitudes of ſmall 
Animals, fo likewiſe are the green Leaves of Gooſe-berry, Currant, Cherry, 
Grape, Plumb, and other Trees, overſtock'd with infinite Numbers of theſe 
minute Flies. Some blackiſh, others green, ſome winged, athers without 
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Wings; ſeveral of which bring forth their Young alive and perfect; for 
if their Bodies be opened, ſeveral imperfect Embrio's may be found 
therein. Alſo Inſects of a greeniſh Colour of the Shape of Fig. 88. 
but no bigger than a Grain of Sand when firſt hatched, which at full 
Growth appear to the naked Eye of the Size of Fig. 8g, 5 

Theſe little Inſects Leeuwenboek calls Pediculus, “ or Louſe, who on pluck- 
ing a Leaf from a Plumb-tree, and putting it into ſuch a Glaſs Tube as is 
deſcrib'd Page 30, which he applied to his Microſcope, and found thereon 
36 black Flies, and ſeveral hundred of theſe green Lice, and among them 
many which were but juſt hatched. In a ſhort Time theſe green Lice di- 
ed, and from their Carcaſe came forth a black Fly. Fig. 88. repreſents 
the Carcaſe of one of the green Lice as it appear'd before the Microſcope. 
The Shell or Skin of its Back had ſeveral Rows of Knobs upon it; its 
Eyes A B were like thoſe of other Flies; CD ſhew its two Antennæ arti- 
culated and ſet with Hairs. EFGHIK ſhew the Legs, having at their 
Extremity two hooked Nails, and ſhort Hairs. LM repreſents the Aper- 
ture, from whence came out the Worm, from which the Fly was pro- 
duc'd, having firſt eaten up all the Inſide of the Body of the green Louſe. 

Fig. 90. exhibits one of theſe minute black Flies thus produced from a 
Worm, which had increas'd itſelf by deſtroying its foſter Parent, and then 
changed into a Nymph, and at laſt from that to a Fly, furniſhed with all 
thoſe minute Organs as are expreſſed in the Figure ; whereof A B ſhews its 
two Eyes, CD its Antennæ, which afford a pleaſant Sight in the Micro- 
ſcope, its curious Joints-being finely beſet with Hairs. 

E F are two Organs, through which it ſucks its Nouriſhment, its long 
Tail G HI, KL MN, its four Wings bedeck'd with exceeding fine Hairs 
and a much finer Membrane, OQOQOOO its fix Feet, which were alſo fur- 
niſhed with many Joints, and thickly ſet with Hairs. The Letters POR 
expreſs the Point of the Nippers which held the Fly before the M1cro- 
scor z. Theſe Lice are alſo to be found upon the Leaves of Filberd. Trees, 
with this Difference, the former being green, and the latter white. op 

Upon the Leaves of Apples and other Trees are found a curious Fly, + the 
exquifite Make and Form of its Parts are not to be diſcerned without a 
Microſcope, Fig. 91. repreſents the Size and Shape it appears of to the 
naked Eye. And Fig. 92. a Part of its Head, whereof A B are its two 
protuberant Eyes, CDE its Snout, furniſhed with various Forceps or 
Teeth, with which it perforates the Buds of Fruit and Flowers; this Snout 
is flexible and capable of bending every Way, CF and DG are the two 
Horns which adorn the Snout. Fig. 93. is almoſt a fourth Part of the Leg 
of this Fly, which conſiſts of four Joints. H I are two Nails which appear 
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in the Microſcope, as Horn does to the naked Eye, and K L 10 its two 
ſkinny Palms or Soles. 

There is another Sort of Animalcule found in the Wrinkles and wreathed 
Curls of blighted Leaves“, and in the Extremity of the Sprouts of Leaves, as 
in Garden Currents, Cherries, Peaches, Neftarines, &c. may be found 
creat Swarms of theſe minute Inſects, no bigger than an halt-grown Louſe, 
one of which is re preſented by Fig. 94. of its full Growth, and of the Size 
it appear'd of to the naked Eye. Fig. 95. ſhews the ſame magnified and 
near its laſt Change, the folded Wing juſt beginning to appear at A B. 
It had fix ſmall jointed Feet, fenced with ſhort Hairs, and two Nails on 
each; C ſhews one of its Eyes, which was of a ſurprizing Make. DF 
repreſents the Proboſcis, with which it perforates the Leaves and Buds of 
Trees, and then thruſts out its Dart E and ſucks their Juice. From its 
Tall proceeds two upright Parts G H, out of which a tranſparent Liquor is 

frequently diffuſed as at H. I KL is the Needle's Point, upon which the 
Animal was ſtuck ; and Fig. 94, as betore hinted, the ſame Animal when 
changed into a Fly. 

Mr. Derham could never obſerve any other kind of Fly but the leſſer 
Phalenæ f about V of an Inch long to be bred in Pears and Apples; it is 
whitiſh underneath, greyiſh brown above, ſpotted about one Third with 
| Waves of a Gold Colour, its Head ſmall, a Tuft of whitiſh Brown on its 
Forehead, and Antennz ſmooth. The Aurelia of this Moth is ſmall, of a 
yellowiſh Brown. 


S = e r. VIL 


a Ss ſcencies growing on i How-Leaves, and 
a ſmall Fly bred thereon. 


R. Leeuwenboeck frequently diſcovered more than one Sort of Worm, 
upon opening the knotty Part of Willow-Leaves, and having put 
leveral of theſe Knots, whoſe contain'd Worms were not full grown, into 
a large Glaſs Tube, that the Worms might attain their full Growth, could 
not find that any of them did ſo; obſerving at the ſame Time ſeveral of 
theſe Knots to have none of the Worms in them, but almoſt full of the 
Excrements of the Worms which had been therein, and were diſlodged, 
through a ſmall Hole he could perceive in the Knots. 
Fig. 96. A B repreſents a Willow Leaf, in which are ſeveral Excreſcencies, 
ſome of them with Holes as F, others as CDE; GH ſhews two of theſe 
Knobs cut open, and the Poſture of the Worm therein, ſeveral Worms lay dead 
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in the Knobs ſuppoſed to be killed by other leſſer Worms, produced from an 
Egg depoſited "4 another Fly ſince the Production of the former, which 
devoured and lived upon the'larger Worm. 


In the Middle of July Mr. Leeuwenhoeck cropt ſeveral Willou-Leaves, in 
which were ſuch like Knobs ®, and diſcovered ſeveral Worms nearly ar- 


_ rived to their full Growth: After theſe Knobs had been in the Glaſs Tubes 


about eight Days, upon opening one of them he found, that the Worm 
was turned into a Tonnetin or Aurelia, and in ſome others 1 3 or 14 more 
of the ſame; in ſome of the Knobs he found the ſmall devouring Worms 
above-mentioned, being ſo far advanced in Growth that they were ready 
to be chang d into flying Inſects; he put theſe alſo into Glaſs Tubes. Af- 
ter ſome Weeks certain Black Flies proceeded from thoſe Tonnekins, their 
hinder Parts of an oblong Figure, and faſhioned like a Hook. He alſo 
ſaw two of theſe ſmall Worms (which devoured the large ones) endeavour- 


ing to encloſe themſelves in a Web; but by reaſon of the large Space in 


which they lay, could not bring it quite round them, having made it only 
on one Side, and their Change happened in ſo ſhort a Time that he could 
not make his Remarks thereon. 

Fig. 97. repreſents the aforeſaid Fly as it appears to the add Eye. 
AB ſhews the long, ſlender and hooked Part; on examining this little In- 
ſtrument in the Microſcope, it appear'd to be hollow, and was cover'd with 
a great Number of fine Hairs, as in Fig. 98. and on endeavouring to ſplit 
it, the Dart, Fig. 99. appear'd, whoſe Point is only jagged with ſaw like 
Teeth, which being allo ſplit, two other diſtinct Hooks f were taken out of 
it both of the fame Shape, a ſmall Part of one of them is repreſented by 
Fig. 100. each of them being fortified with ſaw- like Teeth, and the Dart 


Fig. 101, was found to be only a ſecond Caſe or Sheath for the two Hooks, 


wherein the Hollowneſs does plainly appear, which is filled with a corro- 
ſive Water. The Fly makes uſe of this Auger to prepare a convenient 
Lodgment for her Eggs (and chooſes thoſe Leaves that are moſt lacteous 
and juicy) under the Skin of the Leaf, from whence the Worm upon 
gnawing the Veſſels for its Suſtenance, occaſions the Sap to flow out of 
them and to coagulate into that knotty Subſtance. Mr. Leeuwenhoek took a 
ſmall devourmg Worm from a larger that lay dead by it, and put it upon 
a living one to which it immediately faſtened, whilſt the other at the ſame 
Time uſed all Means, by bending, ſtretching, contracting, and winding 
its Body, to free itſelf from this troubleſome Gueſt, but in vain, the ſmall 
one ſtill keeping its Hold. 

Fig. 102. exhibits a Tonnekin, which was a Worm but the foregoing 
Evening, and had caſt off a very thin Skin, this alſo conſiſted of ſeveral 
Rings and Circles as when in the Worm State. The Feet and Joints there- 
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of were very viſible; AB and AC repreſents its two Antennæ; and al- 
though they were incloſed in a thin Membrane, yet all the Joints might 
be chars ſeen. The Change of this Worm was ſo ſudden, that Mr. 
Leeuwenhoek was never able to ſee it. 
Not only the Millous and other Trees, but Plants alſo have Caſes pro- 
duced on their Leaves, as Nettles, Ground Toy, &c. by the Injection of 
the Eggs of an Ichneumon Fly, Theſe Caſes are generally obſerved to grow 
near to ſome Rib of the Leaf, and their Production thus. The Parent In- 
ſect with its ſtiff ſetaceous Tail, terebrates the Rib of the Leaf when tender, 
and makes way for its Egg, into the very Pith or Heart thereof, and pro- 
bably lays in therewith ſome proper Juice of its own Body to pervert the 
regular Vegetation of it. From this Wound ariſes a ſmall Excreſcence 
which (when the Egg is hatched into a Maggot) grows bigger and bigger, 
as the Maggot increaſes, ſwelling on each Side the Leaf between the two 
Membranes ; and extending itſelf into the parenchymous Part thereof, 
until it grows as big as two Grains of Wheat; in this Caſe lies a very ſmall 
white rough Maggot, which turns into a beautiful green ſmall Ichneumon 
Ty... 35 


SECT. VIE 
Of the Crane-Fly, or Father Long-legs. 


HIS little Creature, though but ſeldom taken Notice of, affords 

an agreeable Variety of Subjects, when examined by the Microſcope. 
It is produced from a Worm hatched in an Egg, depolited by its Parent 
under the Graſs in Meadows. 5 | 

Theſe Worms are to be met with but in the hot Weather upon the 
Ground under the Graſs in the Meadows and Fields. Fig. 103. repreſents 
one of them, which could not be diſcerned to change or increaſe between 
the Months of May and Auguſt. Fig. 104. ſhews the Worm changed into 
a Nymph, and at its firſt coming forth greatly agitated. Fig. 105. ſhews 
the caſt-off Skin, which in its Change the Worm forſook, after which 
it took Wing and flew away in the Form of Fig. 106. which repreſents 
one of theſe male Flies, as does Fig. 107, alſo ſhew the Female. 

The Tails both of the Male and Female are of a curious Structure, that 
of the Female is ſharp, and of the Conſiſtence of Bone, wherewith ſhe 
perforates the Ground, and depoſites her Eggs under the Graſs in a moiſt 
Place. This acute Tail of the Female is ſhewn at N, Fig. 107. which ſhe 
can open into four diſtin Parts F, Upon opening one of theſe Females 
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Mr. Leeuwenboek counted upwards of 200 Eggs of a blackiſh Colour and 
ſmooth, like poliſhed Glaſs, and about twice as long as they were thick. 
The Inteſtines of this little Creature are alſo very curious, which when 
opened with unſpeakable Admiration he ſaw them by the Aſſiſtance of the 
Microſcope, as plainly as the Bowels in larger Animals can be ſeen by the 
naked Eye. | 

In the Feet of this Fly, if diſſected in a Drop of Water upon the Glaſs 
R, Fig. 2. of the Univerſal Microſcope, the fleſhy Fibres may be ſeen to 
diſtend and contract themſelves in a moſt ſurpriſing Manner, and to 
continue ſo for the Space of three or four Minutes. The Eggs alfo after 
Diſſection may be applied to the ſaid Glaſs, and eaſily examined by the 
Microſcope, or on dipping the Point of a very fine ſewing Needle (it 
being firſt fixed in a wooden Handle) into ſome Turpentine, and ap- 
plying that to the Eggs, they will be glued thereto. The Needle itſelf 
muſt be held between the Nippers, and by its Handle may be turn'd round 
at Pleaſure. | 

It is very wonderful how ſo ſmall a Creature as ſome of thoſe newly 
hatched Maggots, that are found in the Ends of blighted Leaves, can be 
able to convolve the ſtubborn Leaf, and then bind it with the Thread or 
Web it weaves from its own Body, alſo to line the Inſide of it with the 
ſame, and ſtop up the two Ends thereof to prevent its own falling out. 

In the Bodies of many Caterpillars, and other Nymphs of Inſects, are 
frequently found to be generated great Numbers of ſmall Flies, whoſe pa- 
rent Animal had wounded the Caterpillar“, and darted its Eggs into it; 
and ſo made it the foſter Mother of its young. | 

Some Inſects lay up their Eggs in Cluſters, as in Holes of Fleſh, and 
ſuch Places, where it is neceſſary they ſhould be crowded together, which 
without doubt contributes towards the hatching f. 

Other Inſects obſerve great Order in the Diſpoſition of their Eggs, 
which may be found upon the Poſts and Sides of Windows, very neatly 
laid, being round and reſembling ſmall Pearl, which Eggs produce a ſmall 
hairy Caterpillar |. The white Ba#terfly alfo lays its Eggs on Cabbage- 
Leaves, and always glues one certain End of them to the Leaf. If theſe 
Eggs be applied to the Univerſal Microſcope on the Glaſs R, Fig. 2. you 
will find them curiouſly furrowed and handſomely adorn'd. | 

The Peaſe Ichneumon Fly F is very ſmall, its Wings large, reaching beyond 
the Podex ; Antennz long, Alvus ſhort, ſhaped like an Heart, with the 
Point towards the Anus, it walks and flies but ſlowly. No Tail appears, 
but they have one concealed under the Belly. 


Ichneumon properly ſignifies the Egyptian Rat“, which has its Name from 
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its hunting or tracing out the Eggs of Crocodiles and Aſps: A like Obſer- 
vation made by ſome of the Ancients on certain Inſects of the Waſp- 
Kind, occaſioned the Application of that Name to Waſps, as well as the 
Egyptian Rat; there is but one Paſſage in all Antiquity concerning theſe 
Waſps, viz. in Ariftot. de Hiſt. Anim. Lib. 5. c. 20. which Pliny, Lib. 11. 
c. 21. hath render'd thus, Veſpe Ichneumones vocantur (ſunt autem minores 
quam alie) unum genus ex aranes perimunt, phalangium appellatum, & in 
nidos ſuos ferunt. deinde illinunt, & ex iis, incubando, ſuum genus procreant 
that is, the Waſps, called Ichnumons, and which are ſmaller than other 
Waſps, kill a Species of Spiders, called Phalangium, and carry them to 
their Neſts, after which they beſmear them, and by Incubation produce 
their own Species out of them, „ 
There is alſo a certain black and curious Fly, which proceeds from the 
gouty Excreſcencies of the Briar Stalk *, with red Legs. Black, ſmooth 
jointed Antennæ, large Thorax, and Belly in the Shape of an Heart. It 
leaps like a Flea, | 5 + 85 
The Excreſcencies of the Roots of Cabbages, Turneps, and divers 
other Plants, have always a Maggot in them, not yet ſufficiently obſerv'd. 
Caterpillars, and divers others Inſects, can emit Threads or Webs for 
their Uſe. In this their Nymph State, they ſecure themſelves from falling, 
by letting themſelves down from the Boughs of Trees, and other high 
Places, with one of theſe Threads, and ſecure themſelves in their Aurelia 
State, in Caſes of their own Weaving. | >. 
Some of the Fly Tribe are alſo endowed with this textrine Art, of theſe 
one Sort ſpins a long milk white ſilken Web as big as the Top of one's 
Finger, woven round bent Stalks of Ribwort, &c. in Meadows. The 
other is a Lump of many yellow ſilken Caſes ſticking confuſedly together 
on Poſts, under Coleworts, &c. theſe Webs contain in them ſmall whitiſſi 
Maggots, which turn to a ſmall black Ichneumon Fly, with long capillary 
Antennæ, tan-colour'd Legs, long Wings, reaching beyond their Body 
with a black Spot near the Middle, the Alvus like an Heart, and in ſome 
a ſmall ſetaceous Tail. Some of theſe Flies are of a beautiful ſhining. 
_ Colour. The Flies coming from theſe two Productions are nearly 
alike, N 3 „ | 
Many of the Ichneumon Waſps F are remarkable for the Nidification and 
Proviſion of their Young. Thoſe which commonly have golden and black 
Rings round their Avi, line the Cells they perforate in the Earth, lay their 
Eggs therein, and then carry into them Maggots from the Leaves of Trees, 
and ſeal them up cloſe and neatly ; theſe Waſps have their Jaws not only 
very ſtrong but nicely ſized, curved, and ſet for gnawing, and ſcraping. 
Thoſe little Holes they perforate in the Earth and Wood, as well as the ſe- 
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veral Parts of the Waſp itſelf, are a pleaſant Object for the Microſcope. 
The Bearers of Fruit- Trees are full of Aſperities, and not ſo ſmooth on 
their Bark as the other Parts of the Tree are. If after Harveſt, and any Time 
in Winter, you view theie Bearers in the Microſcope, their Cavities will be 
found to be full of Eggs, of an oblong Figure, and citron Colour, eſpe- 
cially in thoſe Years wherein the Caterpillar have been numerous. Out 
of theſe they are hatched in the Spring. The Seaſons which uſually de- 
ſtroy them, are ſuch as come in with early Heats, before the coming out 


of the Buds and Bloſſoms, and on which a nipping froſty Air enſues, 
which ſoon kills them. 


S E c T. IX. 
Of Oak Cones. 


| THE SE Cones are to Appearance, perfectly like Gems, only bigger, 
ng nothing elſe than theſe increaſed in Bigneſs, inſtead of Length. 
The Cauſe of this Obſtruction in the Vegetation 1s this, into the very Heart 
of the young tender Gem or Bud, (which begins to be turgid in June, 
and to ſhoot forwards towards the latter End of that Month, and the Be- 
ginning of the next) into this Bud the parent Inſect thruſts one or more Eggs, 
and perhaps not without ſome venomous ＋ Ichon therewith ; this Egg ſoon 
becomes a Maggot, and eats itſelf a little Cell in the very Heart or Pith 
of the Gem, which is the Rudiment of the Branch together with its 
Leaves and Fruit. The Branch being thus deſtroyed, or at leaſt its Vege- 
tation obſtructed, the Sap that was to nouriſh it is diverted to the remain- 
ing Parts of the Bud, which are only the ſcaly Integuments, by this Means 
growing large and flouriſhing, becomes a Covering to the Inſect Caſe, as 
before they were to the tender Branch and its Appendage. 
- The Caſe lying within this Cone, is at firſt but ſmall, as the Maggot 
included in it is, but by Degrees, as the Maggot increaſeth, it alſo grows 


bigger, to the Se of a ſmall Pea, long and round, in the Shape of a 


long Acorn. 


The Inſect produced from theſe Cones, hath four at Wings, 
reaching a little beyond the Belly, articulated Horns, large Thorax, Belly 
ſhort and conical, Legs partly whitiſh, partly black, of a beautiful ſhining 
green, in ſome tending to a dark Co Colour. 

The Aleppo Galls, wherewith we make Ink, are no other than Caſes in 
which Inſects breed, which when they come to Maturity, gnaw their Way 
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out of them, which occaſions thoſe little Holes obſervable in them z Se: 
Philoſ. Tranſ. No. 245. | 
Of this Sort alſo are the little ſmooth Caſes, about the Size of large 

Pepper Corns, which grow cloſe to the Ribs, under oaken Leaves, at firft 
of a bluſhing red, afterwards growing brown, hollow within, but an hard 
thin Shell without, in which commonly lies a rough white Maggot, after- 
wards transformed into a black chneumon Fly, that eats a little Hole in the 
Side of the Gall, and fo gets out. 

Some of theſe Balls are tender, as thoſe of a yellowiſh green Colour 
with a reddiſh Caſt, about the Size of a ſmall Muſket Bullet, growing cloſe 
to the Ribs, under Oaken Leaves, their Skin ſmooth with frequent Riſings 
therein, inwardly they are very ſoft and ſpongy ; and in the very Center is 
a Caſe with a white Maggot therein, which becomes an Ichneumon Fly.* 
This Gall is remarkable for the Fly lying therein all the Winter in its in- 
fantile State, and comes not to its Maturity till the following Spring. In 
Autumn and Winter thoſe Balls fall down with their Leaves to the 
Ground, in which the incloſed Infect is fenced againſt the Winter Froſts, 
partly by other Leaves falling pretty thick upon them, and eſpecially by 

parenchymous ſpongy Walls, afforded by the Galls themſelves. . 

From the large Oak Balls, called Oak Apples, which grow in the Place 
of the Buds, out of theſe Galls, come another Species of Black Flies. 
The gouty Excreſcencies in the Body, and Branches of the Black-berry 
Buſh, produce a ſmall ſhining black Ichneumon Fly, about a Tenth of an 
Inch long, with red jointed Horns, four Wings, red Legs, and a ſhort 
Belly. They hop like Fleas. 5 Ts 

All theſe Inſects afford an entertaining and agreeable Variety when 
viewed through a Microſcope, N 


. 
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Of an Inſet found upon the Leaves of Spices and 
in Woods of ſeveral Kinds. 


R. Leeuwenboek diſcover'd upon the Leaves of ſome white Nut- 
megs, an Animalcule or minute Worm, which appeared to the na- 
ked Eye of the Size of Fig. 108. but is repreſented in Fig. 109. as it ap- 
pear'd when placed before the Microſcope. Its Body was jointed in ſe- 
veral Places, and thickly ſet with Hairs; it had fix ſhort Feer, which end 
with a ſhining Nail, toothed like a Saw, as at A, B, C, D, the hinder 
Part of its Body was very full of Blood Veſſels, as appears at E, F, G, H. 
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At IK are two ſhining Horns jointed and beſet with Hairs. At L are 
repreſented its Forceps, with which the Worm eats its Way into Leaves 
or Wood, Sc. MN ſhew the two leſſer Horns which adorn the Head 
of the Worm. This Worm after fone little Time was changed into a fly- 
ing Inſect, as exhibited in Fig. 110. whereof LM, BN are its two Horns, 
which conſiſted of divers Joints and Hairs, BL its Eyes furniſhed with a 
Number of little Lenſes, as the Eye of the Drone Fly before deſcribed. 
It had alſo fix Feet armed with Talons, as before ſhewn : Theſe Legs had 
ſeveral Joints, and were cover'd with Briſtles or Thorns, two of theſe 
Feet and Nails are ſhewn by the Letters CO, DP. DE, and KI repre- 
ſents the two Caſes or Shields under which the Wings are folded. Theſe 
Caſes are moſt curiouſly adorned with ſtrait Rows of Rings throughout their 
whole Length. The hinder Part of its Body is jointed as it were with hol- 
low Notches, much after the ſame Manner as the Worm from which it was 
produc'd. If the Wing be conſidered, it will be found to conſiſt of ſeveral 

{mall Veſſels or Nerves that affift in the Expanſion thereof. The exquiſite 
Neatneſs with which this minute Wing was folded under the Shields, is 

ſurprizingly beautiful, as appears between G H, with what wonderful Nerves 
muſt theſe minute Wings be ſtrengthned, that can enable this Inſect fo 
readily to fold up the Extremity of this filmy Membrane in ſo neat a Man- 
ner, and to expand it again, as it were inſtantaneouſly, whenever it is in- 
clined to fly? That the curious Folding of theſe ſort of Wings might be 
comprehended, Mr. Leeuwenboek took off one of the ſhelly Caſes and placed 
the Wing before the Microſcope, which appeared as in Fig. 111. QS T 
V WX Y repreſent the Wing as it lay cover'd under its Shield. It was 
broadeſt about V; the ſecond Wing, which I ſuppoſe to be its Ballance or 
Poize, is ſhewn at S T. The Extremity W X Y, ſhews thoſe neat Fold- 
ings before ſpoken of, which, together with the Strength of the Nerves, diſ- 
cover the Almighty's Wiſdom in their Contrivance. 

I have found of theſe Inſect Flies in Summer-time flying about my 
Work-ſhop, and have obſerved them to anſwer all the above Deſcription. 
They are ſo ſmall, that I have applied them to the Microſcope in the Ivory 
Sliders, but they are better ſeen when applied in the Nippers V, of Fig. 2. 

There is likewiſe a ſmall Scarab in the very Tips of Elm- Leaves. ln the 

Summer many of theſe Leaves may be obſerved to be dry and withered, 
and alfo turgid, in which hes a dirty, whitiſh, rough Maggot, from which 
proceeds a Beetle of the ſmalleſt Kind, of a Weeſe]-Colour ; it leaps like a 
Graſhopper, although its Legs are but ſhort, black Eyes, Vaginæ thin, 
and prettily furrow'd, with ſeveral Cavities, ſmall dubed Antennz, and a 
long Proboſcis. | 

| Pb. Theo. p. 251. 
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Tm ſame, or one much like this is found on the Tips of Oak and Holly 
Leave 

The Horſe- Fly is alſo a curious Object, its Eye is in the Form of other 
Flies, but is as it were indented all over with a pure emerald Green, its 
Body like Silver in Froſt- Work *, fringed all over with white Silk. If the 
Head of this Fly be cut off juſt. at the ſetting on of the Neck, a pulſing 
Particle may be ſcen beating through the Skin for half an Hour together. 

The Trunk or Proboſcis of a Betterſly, which lies wound up like an Helix 
or ſpiral! Spring, gradually growing flender as at Fig. 113, fupplies the 
Office both of Mouth and Tor gue, it may with a Pin be eaſily drawn out 
to its full Length „ if it be cut off ad laid upon the Object carrying Glaſs 
R, of Fig. 2. and ſo applied to the Microſcope you will fee it wind and 
coil + itſelf up, and then to open itſelf again for a long Time together, Na- 
ture having made it of a ſufficient Length, that when extended it may reach 
into the Hollows of Flowers, and from thence extract their Dews and 
Juices. It conſiſts of two Tubes near its Extremity, as repreſented at A C, 
Fig. 113. the Cavities of which unite at D, and from thence to the Throat 
of the Butterfly form but one Channel ||. Theſe tubular Extremities are un- 
folded in the Manner expreſſcd at BT N, Fig. 114. in order to extract the 
Deus, Sc. from Flowers; after which it is immediately drawn back and 
coil'd up into an Helix. MM, Fig. 115. repreſents one of the extreme 
Parts viewed with a greater Magnifier, and delineated exactly in the 
Manner as it is applied to Leaves and Flowers. Whence it appears, that it 
is not the extreme End of the Proboſcis, which extracts the Dews and 
| Juices; but ſeveral Nipples DEF, that are applied to the Leaf AC, at 
the Points 111. 

In all Graſhoppers there is a green Film or Plate (like a Croſlet) which 
covers the Neck and Shoulders; if you raiſe it up with a Pin you may ſee 
their Heart beat & for a long Time together. The Graſbopper is beſt held 
between the Nippers V, and ſo applied to the Magnifier. 
| There is a pretty Object, which is a white oblong Inſect that ſticks to 
the Back- ſide of Roſe-tree Leaves ** in Auguſt, of a perfect white, it changes 
into a ſmall yellow Locuſt, with two white Wings longer than its Body, and 
two Pointers in the Snout like a Pair of cloſed Compaſſes, and may be 
Plainly ſeen when the Fly is laid upon its Back. 

Upon the Backſide of the Leaves of Gooſeberries, Sweet Briar, and 
golden Mouſe-ear in April and the Beginning of May, is a greeniſh Graſhop- 
per or Locuſt ++, which is a pleaſant Object; when placed before the Microſ- 

cope it hath two Horns and four Legs, and two curious black Eyes. 


* Powers Micro, Obſ. p. 7. Bid. p. 8. || Microgra. de Bonan. Pars 2. p. 48. 5 Pow- 
er's Micro. p. 24- ** [oid. p. 27, 1 Bid. p. 26. 
On 
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On Sycamoye Leaves there is a yellow Inſect “, which at firſt hath no 
Wings, bur fix Legs and two Horns which are lit ; it runs nimbly, the 
Eyes are globular and red, pearled and prominent; near the Shoulders are 
two Stumps, whence two long Wings come forth, when it changes into 
a Fly or Locuſt, it conſiſts of annulary Circles, and is hairy towards the 
Tail. 

There is to be found a ſmall long black Inſect, creeping and leaping 
amongſt Pins, Gilhy- Flowers, Roſe- leaves, &c. with a Waſp-like Body, 
with ſix or ſeven annulary Diviſions; two curious Horns ariſing from a 
black knobbed Root, two fine long yellow Wings, black Eyes, and fix 
black Legs, they are kill'd with the leaſt Touch imaginable; their Size is 
leſs than that of a Louſe: They may be taken up with the Point of a 
Pin dipped in Spittle, and by that Means placed, or as it were glewed to 
a very {mall Bit of Card, which may be applied to the Microſcope in the 
Nippers of Fig. 2. And ſtronger Inſects may be ſtuck to a larger Piece of 
Card with a Touch of Turpentine, and applied to the Magnifier in the 
Nippers as before. . 

On the Froth, which hangs on the Leaves of Lavender, Horſe- mint, 

Roſemary, &c. || (by ſome called Cuckow-ſpit) is always found a little Inſect 
of a golden Colour; it hath ſix Legs, with two black Claws at the End of 
each, which it can open and ſhut at Pleaſure ; its Eyes are pearled and of 
a duſky Red, a long reddiſh Proboſcis is ſituated between its fore Legs ; its 
Tail had ſeveral annular Diviſions that ended in a Stump, which it could 
at Pleafure thruſt- out or draw back, it firſt creeps, then leaps, and at laſt 
flies. ” 
The Cow-lady, Lady-bird, or ſpotted Scarabee, is a very nimble Animal ; 
cut off its Head, and erect it perpendicularly upon the Neck (which may 
be faſtened to a Bit of foft Wax firſt ſtuck upon the Point, or by a Drop 
of Gum-Water upon a Piece of Card, which may be held in the Nippers, 
and ſo applied to the Microſcope) and you'll ſee two ſmall black Eyes ſet 
upon three white Plates like poliſhed Ivory, two ſmall ones on one Side, 
and a large one on the other; pull off both the cruſtaceous and filmy 
Wings, which are a Fence to a thin tender black Skin, under which the 
Pulſation of the Heart & may be ſeen to beat vigorouſly for 12 or 14 Hours, 
after the Head and Neck are ſeparated. 

There is a Fly with grey and black Streaks on the Shoulders , and chequer'd 
on the Tail with the ſame Colours ; upon opening the Female oi this Fly, 
which may be diftinguiſhed by a Redneſs on the Extremity of the Tail, 
you will find two Bags of live white Worms **, long and round in Shape, 
with black Heads, moving both on the Hand and in the unopened Veſicles 


* Power's Mz. Ob. p. 32. + Bid. p. 31. Bid. p. 28. J Ibid. p. 30. Pbi. 
Tranſ. No. 72. 
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76 Of Flies. 
backwards and forwards, being diſpoſed in Cells according to the Length 
of the Animal's Body. 


Sn e f. XL 
Of the Cochineal Hy. 


FE Microſcope hath diſcovered to us that Cochineal, ſo valuable for 


its Uſe in dying Crimſon, Scarlet, and Purple, is an Inſect bred 
upon the Plant called prickly Pear, or Indian Fig F?; and upon the Leaves or 
T wigs therect are ſmall Knobs or Protuberances, which produce little Worms 
that in Time become Flies, reſembling Cow: ladies, or Lady-birds; which, 
when arrived at their full Growth, are taken by the Inhabitants (of the Iſlands 
of Cuba, Hiſpaniola and Jamaica, from whence it moſt commonly comes) 


and expoſed to the Heat of the Sun to dry, and rubbed between the Hands 


till their Wings, Legs, Sc. fall off. Upon ſteeping ſome of the Grains 
of Cochineal 24 Hours in Water, a Trunk with Scales and Legs will ap- 
pear; and if their Bodies be opened, many Eggs of different Sizes may be 
allo found. | | | | | 
Fig. 116. repreſents a Grain of Cochineal; Fig. 117. another Grain, as 
it appear'd through a Microſcope, in which at the extreme Parts C and 
E F, an Orifice appears, from whence the String was broken off, whereby 


both Parts of the Body were joined together. The concave Arches D G, 
Sc. are not natural, but adventitious to the ſame Grain, proceeding only 


trom the drying or ſhrinking up of the great Number of Eggs that lie 
within the Animalculum ; for if the ſame Grain was well ſoaked in Water, 


the concave Parts would become convex. Fig. 118. ſhews an Egg with its 


Membrane, as it was taken out of a Grain of Cochineal ſteeped in Rain- 


Water for about 24 Hours; in which might be ſeen the young one, and 
its Shell ſurrounding it. L MN, Fig. 119. repreſents one of theſe unborn 


Animalcula. Fig. 120, ſhews the Body of another Anima/cum which was 
taken out of the Egg-ſhell, in which not only the Body was diſtinctly ſeen, 
but alſo the Parts thereof divided into ſeveral Circles, and likewiſe the two 
Horns with the Joints wherewith Nature hath provided all thoſe unborn Ani- 
mal:ula, were plainly viſible when placed before the Microſcope. B H, 
DI, and DK, ſhew its four Legs, the other two being hid from the 
Sight, FG repreſent the Horns, at the Extremity of each of which are 
three ſmall Hairs. : | 


+ Phi. Tranſ. No. 292. 
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Of the Death-watch. 


& i HERE are two kind of Inſects which make a regular clicking Noiſe 
1 like the Beats of a Pocket Watch; one of them called by Swammer- 
dam, Scarabeus Sonicephalus, and the other called by Mr. Derbam, Pediculus 
JJ © | 

The firſt of them is a ſmall Beetle, about Y of an Inch in Length, “ of a 
dark brown Colour, with Spots ſomewhat lighter irregularly placed. It is 
repreſented of its natural Size at Fig. 121. Under its Vaginz are pellucid 
Wings, the Head large, by reaſon of a Cap or Helmet which covered it, 
only a little turned up at the Ears; under this appear'd its Head, which 
was flat and thin, the Eyes forward, the Lips hard and ſhining, the Bars 
of the Helmet greyiſh ; two Antennz proceeded from under the Eyes, 
the Head all hairy, and Face thick of curled Hair ; on the Belly was a 
little Hair, but thinly ſet; its Eyes like thoſe of a Fly. Fig. 122. is a 
Microſcopick Picture of it; between the Eyes the Face riſes in a little Ridge, 
which is the Noſe; and juſt below it the Noſtrils are covered with ſtrait 

pendulous Hair, the Lip-ſhades ſhew the more depreſſed Places; under this 
Lip are four viſible Forceps, two on each Side to lay hold on its Food. 
They make a Noiſe juſt like the Beats of a Pocket- Watch. Mr. Derham has 
often cauſed one of them to beat when he pleaſed by imitating its Beating, 
and this he kept in a little Box about three Weeks ; and imagines, that 
theſe Pulſations is the Way theſe Inſects woo each other, and invite to 
Copulation ; and that it always draws back its Mouth, and beats with its 
Forehead . 

The other Death Watch is an Inſect different from the foregoing, that 
beats only about ſeven or eight Strokes at a Time, whereas the former will 
beat ſome Hours together without Intermiſſion, and its Strokes ſlower, 
and like the Beats of a Watch. Ir is a ſmall greyiſh Animal, much re- 
ſembling a Louſe; for which Reaſon it is called Pediculus Pulſatorius. It 
is very nimble, but extremely ſhy when diſturbed ; it will beat freely 
enough before you, and alſo anſwer you when you beat, if you can view it 
without giving it any Diſturbance, or ſhaking the Place whereon it lies. It 
is not certain whether they beat on any other Thing but Paper, their Noiſe 
being heard only in or near it. 5 

Fig. 123. repreſents the ſecond Sort of Death Watch ||, as it appears to the 
naked Eye. Fig. 124. ſhews it a little magnified; its Shape and Colour 


* Phil. Tranſ. No. 245. + Phil. Tranſ, No. 271. | Phil, Tranſ. No. 291. 
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is not much unlike a Louſe ; it is common in moſt Houſes in the warm 
Months, but in the cold Seaſon of the Year it hides itſelf in dry obſcure 
Places, and is ſeldom ſeen; ſome Time after Copulation, they lay their 
Eggs in dry duſty Places; they are much more minute than the Nits of 
Lice, of a whitiſh Colour, and are hatched by the Warmth of the ap- 
proaching Spring, which to them 1s all the ſame as an Incubation : The In- 
ſect is fully hatched, and can creep about at the Beginning of March, or 
ſooner if the Weather be warm; at their firſt quitting the Egg-Shell, they 
are ſo exceeding ſmall, as ſcarce to be diſcern'd, without the Aſſiſtance of 
a convex Glaſs: In this Stare Mr. Derbam could find no other Difference 
between them and Mites in Cheeſe, when viewed with a Microſcope that 
magnified much, but only that Mites had more Briſtles about the Breech : 
In this Shape they continue ſix Weeks or two Months, feeding on divers 
Things they can meet with; after which they gradually increaſe towards 
their more perfect State, when they become like the old ones. 

Mr. Derbam has plainly ſhewn, that their ticking Notſe is a wooing Act, 
and that it is commonly about Fuly; * he never found them in Coitu, till 
about a Week or a Fortnight after their ticking ; tho' it is probable they 
_ copulate at that very Time. He has ſeen the old Death Watches feed up- 

on dead Inſects, as the young ones do, and alſo upon Biſkets, Tallow, 
Ge. nay Duſt itſelf, and hath obſerved them thro* a Microſcope to ſe- 
lect ſome Grains thereof, and reject others. 


C HAP. XVII. 
Of a Cnat. 
SnceT. I 


HE firſt obſervable in the Generation of this Inſect, is its vaſt 
. Spawn, ſome of them being 1+ Inches long, and + of an Inch broad, 
floating in the Water, but being made faſt to ſomething to prevent its be- 
ing waſhed away; in this tranſparent Spawn the Eggs are neatly depoſited, 
in ſome a ſingle, in others a double ſpiral Line F, running from End to 
End, as in Fig. 125, and 126. and in ſome tranſverſly, as in Fig. 127. 
When the Eggs are by the Heat of the Sun, and Warmth of the Seaſon, 
hatched into ſmall Maggots, theſe Maggots deſcend to the Bottom; and 
by Means of ſome of the gelatine Matter of the Spawn, which they take 


along with them, they ſtick to Stones, and other Bodies at the Bottom, 


* Phil. Tranſ. No. 271. f Phi. Theo. p. 394: 
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and there make themſelves little Caſes or Cells, which they creep into, 
and out of at Pleaſure, till they arrive at a more mature Nymph State, and 


can ſwim about here and there in Queſt of Food; at which Time they are 
a ind of red Worms about half an Inch long, but of the Shape of Fig. 128. 


It has a very large Head, in Proportion to its Body, which is all cover- 


ed with a Shell; ſeveral Tufts of Hair on ſeveral Parts, two Horns, a 
large Mcuth, &c. The Form of the whole Creature will be better perceiv'd 


by a Deſcription of Fig. 128. the hinder Part or Belly conſiſts of eight ſe- 


veral Joints. From the Midft of each of which, on either Side, iſſue out 
three or four ſmall Briſtles. The Tail was divided into two Parts, ve 

different in Make; one of them A, had ſeveral Tufts of Hair or Briſtles, 
with which it could ſteer itſelf as it pleaſed, and was enabled to ſwim about 


by Curvations and flapping its Body ſideways, this Way and that, and 


keep itſelf near the Surtace of the Water: The other Part B appeared to 

be the ninth Diviſion of its Body, and on each Side had many ſingle 
Hairs. From the Part C to the Head, appeared a darkiſh colour'd Gut, 
through which the periſtalſtick Motion was very diſcernable. The Cheſt D E. 
of this Creature, was thick and ſhort, and ſo tranſparent, that its white 
Heart could be ſcen to beat: Its Cheſt was ſtuck with ſeveral Tufts or 
Briſtles, and the Head was alſo adorn'd with the ſame, it had two black 
Eyes, and two ſmall Horns F G. | | | 

Both the Motion and Reſt of this Creature are ſurprizing and pleaſant. 


The Tail ſcems much lighter than the reſt of its Body; and being a little 


lighter than the Water in which it floats, buoys it up to the Top thereof, 
where it hangs ſuſpended with its Head downwards; they lift their Heads 
ſometimes into the Air, at other times plunge them into the Water, their 
Tails all the while ſliding along its Surface. | 

After having lived m this Manner the Time which Providence has allot- 


ted them, a ſtranger Change ſucceeds ; they appear in Form of Fig. 129. 


and then they caſt off their whole Skin, Eyes, Horns, and Tails; and iſſue 
forth as Inſects of a quite different Element: The moſt beautiful and ele- 
gant Plumage adorns their Heads; their Limbs are of the fineſt Texture; 


their Wings are curiouſly fringed and ornamented; their whole Bodies are 


inveſted with Scales and Hair; and they are actuated by a ſurprizing Agi- 
lity; in ſhort, they become Gnats, and {pring into the Air; and what is 
moſt amazing, a Creature, that bur a Minute ſince was an Inhabitant of the 
Water, would now be drown'd if it were plung'd therein. SEE 
It is very probable, that many Sorts of the Animalcules in Fluids un- 
dergo ſome ſuch like Change. 
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„ 
Of the Tufted, Briiſb- horn d, or Male Guat. 


T'S ſurprizing and particular Beauties are only to be diſcover'd by the 
MrcroscoPet; and is exactly of the Shape of one of thoſe which Mr. 
Hook obſerved to be generated out of one of the little watery Inſects juſt 
deſcribed. | | 
Nature has adorned it in a moſt ſurprizing Manner: Its Head A is 
_ exceeding ſmall in Proportion to its Body, which conſiſts of two Cluſters of 
pearled Eyes, Fig. 130. curiouſly ranged like thoſe of other Flies; between 
which, upon two blackifh Balls, are placed two long jointed Horns D, ta- 
. pering towards the Top; from whence iſſued out in a circular Manner, 

Multitudes of ſmall ſtiff Hairs from its ſeveral Joints, exactly reſembling 
the Sproutings of the Herb o7/e-Tail. There are alſo two other jointed 
and briſtled Horns or Feelers D. And a Proboſcis F, underneath which is 
the Sucker or Sting, which in ſome Gnats is very long. This ſmall Head, 
with its Appurtenances, is joined by a ſhort Neck to the Thorax G, 
which 1s large, and as 1t were caſcd with a black Shell; out of its under 
Part proceeded fix long lender Legs HH, &c. much like thoſe of other 
Flies, but longer and flenderer, which are not expreſſed in che Figure, 
becauſe of their great Length. From the upper Part proceeds two long 
{lender tranſparent Wings, ſhaped ſomewhat like thoſe of a Fly ; under- 
neath which, as is obſervable in many Sorts of Flies, are placed two ſmall 
Bodies, which are its Ballances or Poiſes, Its Belly large, and extended 
into nine Partitions, each being armed with Rings of Shells; ſix of which 
were fo tranſparent, that the periſtaltick Motion was plainly viſible. A 

ſmall clear white Part at I, ſeem'd to beat like the Heart of a larger Ani- 
mal; the three laſt Diviſions of the Tail were cover'd with opake Shells. 


"S K CT. ML 
Of the great belly d or Female Gnat. 


Lthough this Gnat, as repreſented in Fig. 131. differs from the for- 

mer in Shape, yet this Sort alſo has been found to be generated out 
of the Water Inſect before deſcribed : Its Wings were larger than thoſe of 
the other; its Belly bigger and ſhorter ; its Thorax not much unlike that 
of the other, having a ſtrong rigid back Piece and Breaſt Plate; its Head 
larger and neater ſhaped ; the Horns, that grew out of thoſe two little 


Balls, 
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Balls which were between its Eyes, was of a different Shape from the 
Tufts of the other Gnat ; theſe having but a few Knots or Joints and a 
few ſhort Briſtles ; the foremoſt Horns or Feelers like thoſe of the former. 
In different Species of Gnats their Wings are alſo different; ſome hav- 
ing a Border of long Feathers, others of ſhort ones, and others none at all : 
The Rib-work of the Wings is feathered in ſome and ſcaled in others, and 
in ſome beſet with Prickles. 8 BE | | 
Mr. Hook ſuffered one of theſe Gnats to pierce the Skin of his Hand, and 
thence to draw out its Fill of Blood, which made it appear very red and 
tranſparent, and this without any further Pain, than whulſt the Sting was 


entering; a good Argument that theſe Creatures do not wound the Skin out 


of Revenge, but for mere Neceſſity to ſatisfy their Hunger. 

Thu Piercer, Sting or Sucker, as repreſented by FG HI, Fig. 132. is 
a Caſe cover'd with long Scales and Hairs; it lies concealed under the 
Gnat's Throat, when not made uſe of; but when it is, the Side G H opens, 
and four Darts are thruſt out therefrom occaſionally; one whereof HK 
(minute as it is) ſerves for a Caſe to the other three; the Sides of which 
towards the Point K are barbed or indented. FI ſhew that Part of the 
Sting where it was cut off from the Gnat's Throat. 

Fig. 133. repreſents Part of the ſecond Sheath, whoſe Sides near the 
Top are barbed, but not here expreſſed. This alſo opens Side-ways for a 
Paſſage to the three included Stings. | 

Fig. 134, ſhews all the Parts of the Stings wherein two of the interior 
ones might be ſeen barbed and indented towards the Point; their Fineneſs 
is almoſt inexpreſſible, they have three Sides, as repreſented in Fig. 135, 
whoſe Edges ſeemed to join alternately (which when fo united reſemble a 
three edged Sword, or Dagger.) Fig. 136, ſhews another Part of one of 
thoſe interior Stings, which is remarkably ſmall and ſomewhat curved. Its 
Top on the plain Side is ſhewn at Fig. 137. which Top is reptefented in 
another Poſition, Fig. 138. A. and in the Poſition of B its Hooks might 
be ſeen. When theſe Darts are thruſt into the Fleſh of Animals either ſuc- 
ceſſively or in Conjunction, the Blood and Humours of the adjacent Parts 
muſt flow to, and cauſe a Tumour about the Wound, whoſe, little Orifice 
being cloſed up by the Compreſſion of the external Air can afford them no 
Outlet. When a Gnat finds any tender juicy Fruits, or Liquors, fhe ſucks 
up what ſhe likes through the outer Caſe, without uſing the Darts at all; 
but if it is Fleſh, that reſiſts her Efforts, ſhe ſtings very ſeverely, then 
ſheaths her Weapons in their Scabbard, and through them fucks up the 
Juices ſhe finds therein. Upon Diſſection many curious Things may be 
diſcovered, viz. numberleſs Animalcules in the Semen of the Male *, and 
in the Female a ſurprizing Quantity of Eggs. 


„ Arc. Nat. Tom. IV. p. 22. | 
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There is a kind of Gnat which lays its Eggs frequently in dead Beer, Sr 


and ſome Time after this the Maggots are ſo. numerous, that the whole 


Liquor ſeems to be alive, being full of Maggots; the larger Sort being the 
Offspring of this Gnat“; and the ſmaller that of a ſmall dark coloured Fly, 
tending to a reddiſh Colour, frequent in Cellars and ſuch obſcure Places 
they turn to Aurelia, and the larger Sort from that to a Gnat of a brown 
Colour. The chief Difference between the Male and the Female is, that 
the Male is leaſt, hath a ſlenderer Belly, and its Podex not fo ſharp as the 
Female's is, This Gnat hath no Spear in its Mouth. 

Theſe Inſects may be applied to the Univerſal Micrxoscoes, by pinch- 
ing them between the Nippers, or ſticking them upon the Point; their 
Stings when cut off may be beſt examined upon the Glaſs R of Fig, 2. 


_ when placed between the Objet-Plate and Springs. 


-ACHAF. MEL NT 
Of the white feather'd winged Math. 
5x c 7. L 


T appears to the naked Eye to be a ſmall milk-white Fy with four 
Wings, the two foremoſt ſomewhat longer than the hindermoſt, and 


theſe about half an Inch in Length, each of theſe Wings conſiſts of two 


Feathers, as repreſented in Fig. 139, very curiouſly tufted or hair d on each 
Side, with exceeding white but minute Hairs; its whole Body, Legs, Horns, 
and Sialks of the Wings were cover'd over with various Kinds of white 
Feathers, which rub off between the Fingers when touched. Underneath 
theſe Feathers this curious Inſect was covered all over with a cruſted Shell. 


It had alſo different Feathers, that covered ſeveral Parts of its Body; the 
Tufts or Hairs of its Wings, when viewed in the Microſcope, appear as 


repreſented in the Fig, by D. The Feathers which covered a Part of its 
Body, like A, conſiſting of a Stalk and a ſeeming Tuftedneſs on each 
Side; others which covered ſome Part of its Body, and the Stalks of its 
Wings much like Fig. B, thoſe which covered its Horns 'and the ſmaller 
Parts of its Legs, in the Shape of Fig. C. Mr. Hook obſerved, that the 
ſmooth winged Inſects have the ſtrongeſt Muſcles j- and even this very In- 
ſet had a very ſmall Body, if compar'd to the Length and Number of his 
Wings; which therefore as he moved them very ſlowly, conſequently 
moved them as weakly ; which laſt Property is in ſome meaſure obſervable 


* Ph, Theo. þ. 386. 
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in the larger Kind of flying Creatures, as Birds, c. So that by the Aſſiſtance 
of the Mreroſeope we find, that the Wiſdom and Providence of the all-wiſe 
Creator, is no leſs ſhewn in thoſe deſpicable Creatures, Flies, Moths, c. 
than he is in the larger Parts of the Creation. | 

Theſe little Animals may be pinched in the Nippers, or ſtuck upon the 
Point, and fo applied to the Microſcope ; and its Feathers may be placed 
between two Muſcovy Talcs. | 


„ 
Of the Wolf, or ſmall Meth. 


HIS Inſe# is a little white Worm, which infects Granaries and 
Cor Chambers. In its perfect State it is really a Moth, of the Size 
and Form repreſented at Fig. 140. it has four whitiſh Wings ſpotted with 
black Spots. 5 3 . 
When in the Reptile State, it appears as repreſented under Fig. 141. a 
magnified Repreſentation of which is feen at K L, the fore Part of its Bo- 
dy had ſix Feet, which were not diſcernable till the Worm was turned on 
his Back, with its Belly upwards in this Pofition, Part of its Body is repre- 
ſented at MN, Fig. 146. wherein its fix Feet may be ſeen. As it creeps 
along, an exceeding fine Thread or Web iflues from its Mouth, by which 
it hangs to every Thing it touches, its Mouth is armed with a Pair of red- 
diſh Forceps, wherewith it gnaws its Way, not only into Wheat, and other 
Grain, but even perforates into Wood, and almoſt any Thing it meets with. 
In theſe Corn - Chambers that are infeſted with this Vermin, they may be 
ſeen near the Decline of the Summer, crawling up the Walls in great Noh. 
bers, ſearching out for Places where they may abide in Safety, during their 
Aurelia State: For when the Time of undergoing a Change into that State 
approaches, they forſake their Food, and thoſe little Cells they had formed 
of hollow'd Grains of Corn, clotted together by Means of the Web 
coming from their Mouths ; and wander about till they find ſome wooden 
Beam, or other Body to their Mind, into which they gnaw Holes with 
their ſharp Fangs, capable of concealing them ; and there envelope them- 
ſelves in a Covering of their own ſpinning ; where they ſoon become me- 
tamorphoſed into dark colour'd Aurelias *, and continue fo all the Winter 
unactive and harmleſs : But about April or May, as the Weather grows 
warm, they are transformed into Moths of the Kind before deſcribed. Then. 
are they to be ſeen in great Numbers taking little Flights, or creeping 


* Leeuncen, Exp. & Contemp. Epiſt. 71. 
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along the Walls; in the Fly-State they eat nothing, therefore are not mif- 
chievous, but ſoon copulate and lay Eggs, not larger than a Grain of 
Sand, in Shape like thoſe of an Hen, each Female ſixty or ſeventy, which 
by Means of a Tube at the End of her Tail, repreſented by Fig. 142. 


as it appears in the Microſcope, ſhe thruſts or infinuates into the little | 


Wrinkles, Hollows, or Crevices of the Corn; where in about ſixteen 
Days, they hatch, and then the Plague begins : For the minute Worms or 
Maggots immediately perforate the Grain where they are hatched upon, 
eat out the very Heart of it, and with their Webs cement other Grains 
thereto, which they likewiſe ſcoop out and devour, leaving nothing but 
Huſks and Duſt, and ſuch a Quantity of their Dung, as ſhews them to be 


more voracious Inſects than the Feev:l, hereafter to be deſcrib'd. 


Theſe Vorm, or Maggots may be kept all the Winter in Glaſs Tubes, 
that are ſtopped at each End with a Cork and Wax, having firſt a Bir 
of a very ſmall Glaſs capillary Tube, put thro' the Cork to give them Air. 
In this Manner Mr. Leeuwenboek confin'd ſome of theſe Moths with a few 
Grains of Corn, and ſaw them lay their Eggs in the Crevices of the Corn; 
alſo in this Manner he obſerved all the above Particulars. Therefore as 
theſe Glaſs Tubes may be readily applied to the Univerſal Microscope, 
and are alſo very commodious to confine any Kind of InſeR, in order to 
obſerve their Manner of Propagation, I apprehend it will not be im- 

proper to exhibit a Drawing of one of them in this Place, Fig. 25. 
A, B, C, D, repreſents a Glaſs Tube AD and B C, its Extremities 
| ftopped with Corks and Wax. E G and F H are two exceeding ſmall 
Glaſs Tubes, cemented in the Corks, but ſo that the Air may have a free 
Paſſage quite thro* them. Theſe Tubes are to be placed between the Ob- 
ject-Plate I, and Springs b, of the Univerſal! Microscoes, Fig. 1. ſeve- 
ral Dozens of them will be neceſſary to confine a few out of the great 
Variety of Inſects that one Summer Seaſon produces, therefore any Gentle- 
man may be ſupplied with more or leſs of them as he pleaſes, at my Shop 
at the Sign of Hebo Brabe's Head, in Fleet-Street, Lox pox, where I al- 
ways keep them ready prepared. 99 85 8 

Theſe little Moths are cover'd all over with an infinite Number of little 
Feathers joined to their Wings, and other Parts of their Bodies by a Quill, 
as thoſe of Birds are, but ſo extremely different in Shape, that ſcarce two 
of them can be found alike. Fig. 144. ſhews three of the larger Sort, 
ſomewhat blackiſh towards the Top, but tranſparent near the Stalk. 
Fig. 143. ſhews three others perfectly tranſparent, ten of the ſmaller Sort 

are exhibited at Fig. 14.5. but all of them of a different Shape. Theſe Fea- 
thers which compoſe the Borders of the Wings, but eſpecially thoſe which 
grew upon that Part of the Wing which was near the Body of the Moth, were 
aiſo of different Faſhions, and much longer than the former, Five of this 

Sort are ſhewn at Fig. 146. = 
e 


145 


TILITELEL 


2 
4 


: 4 12 «mh. S722 FS: © A : 
4 k — - % , ” 4 4 * — 
EO h \ * — * * FA * ; - 4 TIC 
2 2 7 2 SS: 3 
4 4 = - + 1 : — % 7 
No ee OLE | 
a 2 0 "07 tale tre © C2> 8 7 . | | A 
| „ oa tf *X£ _ — 
_ 4 _— = m_ _ % 
= "EI "_ 4 IC 
: ts 


* K 


Of the white Mothb. 85 


The Methods of deſtroying this Vermin is, when they forſake their 
Food, and aſcend the Walls, or when they appear in the Moth State; at 
both theſe Times they may be cruſhed to Death by clapping Sacks upon 
them: But they may ſtill be more effectually deſtroyed by cloſing up all 
the Doors and Windows, and filling the Corn-Chambers with the Fumes 
of Brimſtone *, by leaving it burning on a Pan of Charcoal, without giv- 
ing it any Vent for 24 Hours: However, after that great Care muſt be 
taken to open them all again for ſome Hours, that the Fumes may be en- 
tirely gone before any Body enters. 
N. B. The Fumes of the Sulphur are not hurtful to the Grain. 


The Nymph of the Cloaths Moth, called by Mr. Hook, the ſilver colour'd 
Book-Worm, is a curious Object. It is a ſmall ſilver colour'd ſhining Worm, 


and is often found ſcudding among Books and Papers. Fig. 147. repreſents 
this Worm as it appears in the Microſcope, having a conical Body, divi- 
ded into fourteen ſhelly Partitions, each of which are cover'd with a Mul- 
tiplicity of thin tranſparent Scales, which from their ſeveral reflecting Sur- 
faces, make the whole Animal appear of a perfect Pearl Colour: The 
ſmall blunt Head of this Inſect is furniſned on either Side with a Cluſter 
of Eyes, (but fewer in Number than thoſe of other Inſects) each of which 
was beſet with a Row of ſmall Briſtles. It has two long Horns A B, ſtrait 
and tapering towards the Top, curiouſly ringed and briſtled, with a Gir- 
dle of ſmaller Hairs at each Ring, and ſeveral larger Briſtles here and there 
diſperſed among them, alſo two ſhorter Horns or Feelers C D, knotted 
and fringed like the former, but without Briſtles ; its hinder Part termina- 
ted in three Tails, reſembling the two long Horns in every Particular. It 
had fix Legs ſcaled and hair d, which could not be repreſented in this Po- 
ſition. Theſe little nimble Animals are beſt applied to the Microſcope, 
upon a ſingle Piece of Talc, or a thin Slip of Glaſs, pinched in the Nip- 
pers, having firſt ſtuck them thereto with a ſlight Touch of Turpentine, 
or a Drop of Gum Water, 2 


n 
Of the Weevil, or Curn- Beetle. 


T5 IS little Inſe? is ſomewhat bigger than a large Louſe of the 


Scarab Kind. It does much Harm to many Sorts of Grain, by eat- 
ing into them, and devouring all their Subſtance : As many People are un- 
acquainted with the Veevil, I have exhibited a Picture of it, in Fig. 148. of 
the full Size it appears of to the naked Eye. It has two jointed Horns, which 

are repreſented as they appear when viewed through a Microſcope, at 


® Leeuwen. Exp. & Contemp. Epift. 71. P. 246. 
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E, H, G, Fig. 149, Its Trunk at E D B, and its Forceps or ſharp Teeth 
D, with which it gnaws its Entrance into the Heart of the Grain, either 
for Food, or to depoſite its Eggs. Between the Forceps at D, appears a 
Kind of Sucker, with which it licks up the Flower or Duſt of the Grain. 
If ſome of them are kept in Glaſs Tubes, prepared as before deſcribed, 
that the Air may have a free Paſſage into them, with a few Grains of 
Wheat, their Copulation may be diſcover'd, and alſo their Manner of Ge- 
neration, which is thus performed. The Female perforates a Grain of 
Wheat, and therein depoſites a ſingle oblong Egg or two at the moſt, 
and this ſhe does to five or ſix Grains every Day, for ſeveral Days toge- 
ther ; theſe Eggs, which are not above the Size of a Grain of Sand, in 
about ſeven Days produce an odd Sort of white Maggot, which wriggles 
its Body very much, but is ſcarce able to move from Place to Place, the 
Maggot turns into an Aurelia, which in about fourteen Days comes out a 
perfect Weevil. | 


CHAP. XXI. 
_ Of the Flea. 


HESE little Creatures are a ſurprizing Object, when examined by 

the Microſcope ; they are Male and Female, and undergo the ſame 
Changes as the Silk-worms do. They depoſite their Eggs at the Roots of 
the Hair f of Dogs, Cats, and other Animals, and by a glutinous Matter 
ſtick them faſt thereto; one of theſe Eggs is repreſented magnified in 
Fig. 150. and at 151, the ſame Egg broken by the Worm, Fig. 152. 
hatched therein. This Worm 8 contains the Flea, and is compoſed of ſeve- 
ral annular Diviſions, thinly ſet with long Hairs, having at its Head two 
extremely minute Horns at A ; theſe Worms feed upon the Juices of the 
| — r to they cloſely adhere, They are very nimble, but if di- 
ſtuffed, roll themſelves ſuddenly into a round Figure, and continue mo- 
tionleſs for ſome Time; after which they open themſelves by Degrees, and 
craw| ſwiftly away. They endeavour to conceal themſelves when their 
Change draws nigh, eat nothing, lie quiet, and appear dying, but if placed 
before the Microſcope, will be found with the Web in their Mouths, weaving 
a Covering round them; the Inſide of which is perfectly white, but its 
Outſide as it were ſoil'd with Dirt. In this Bag they put on the Chry/alis, 
which is repreſented at Fig. 153. diveſted of its Vermicular Skin. About 
two or three Days before they break forth from this Confinement, their 


® Leeuwy. Eip. of 6 Ang. to the Royal Society, + Phil. Tranſ. No. 249. 5 Arc. Nat. 
Tom. IV. Epift. 76. | ES 
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Colour darkens, and as ſoon as they iſſue from the Bag, are perfect Fleas, 
and able to leap away. A micreſcopict Picture of a perfect Flea is repre- 
ſented by Fig. 158. | 5 | 
It is all over adorn'd with a curiouſly poliſhed Coat of Armour, or hard 
ſhelly Scales, neatly jointed and folded over each other, and beſet with 
long Spikes, almoſt like Porcupines Quills : Its Neck bears ſome Reſem- 
blance to a Lobſter's * Tail: Its Head is adorn'd on either Side with a 
beautiful quick and round black Eye; behind each of which appears a 
ſmall Cavity, in which moves a thin Film, ſet with many ſmall tranſpa- 
rent Hairs, which may probably be its Ears F. From the fore Part of its 
Head, proceeds a Pair of little jointed hairy Horns, or Feelers AB. Be- 
tween theſe and its two fore Legs C D, is ſituated its Piercer or Sucker, that 
includes a Pair of Darts, which after the Piercer has made its Entrance, are 
probably thruſt farther into the Fleſh, to make the Blood flow from the ad- 
Jacent Parts, that it may be fucked up; and ſeems to occaſion that round 
red Spot, with a Hole in the Center of it, which we commonly call a 
Flea-bite. This Piercer, its Sheath opening ſide ways, and the two Lan- 
cets within it, are very difficult to be ſeen, || unleſs the two fore Legs, be- 
_ tween which they are uſually folded in, and concealed from View, are cut 
off cloſe to the Head ; for a Flea rarely puts out its Piercer, except at the 
Time of feeding, but on the contrary keeps it cloſely folded inwards ; one 
Way therefore of coming at it, is by cutting off the Head firſt, and then 
the fore Legs; ſince in the Agonies of Death, it may eaſily be managed 
and brought before the Microſcope. But this requires a great deal of Pa- 
_ tience and Dexterity, Therefore another more likely Way to ſucceed in 
this Experiment, is, when the Flea is juſt dead, to take hold of its Back 
with the Nippers m, of the Apparatus V, Fig. 2. and then apply it to 
the fixth Magnifier ; and having a ſmall ſewing Needle ready fixed in a 
Handle, I have been able to preſs the Horns forward with the Point of 
the Needle, and its two fore Legs nearer to the Body; and this whilſt I 
Was looking thro* the Microſcope ; by which Means I could then exactly 
ſee where to place the Point of the Needle, fo as to raiſe up the Piercer in 
the Situation D E, as expreſſed in Fig. 154. which repreſents a Part of the 
Flea's Head; and at the ſame Time I have open'd the Piercer, and ſepara- 
ted its two Lancets, and this without cutting off any Part of the Flea, 
Fig. 154. A BC are the two Horns, and D E are the two Sides of the 
Piercer, which are partly hollow, that they may the better include the Lan- 
cet, or Dart, which in this Figure appears to be but one, but if carefully 
_ ſeparated, will be found to conſiſt of two Parts, as in the next Figure 155; 
wheat G K and GI repreſent as before the two Parts of the Piercer be- 


® Pow. Mic. Ob/. p. 2. + Hook's Mic. P. 210. r. Nat. Tom. IV. p. 332. 
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ſet with ſeveral Hairs, and G H ſhews the two Darts, but not ſeparated. 
At Fi ig. 156. they may be ſeen aſunder, whereof L O, LN, are the two 
hairy Parts of the Piercer before ſpoken of, and LM, O L P the Darts, in 
L M may be ſeen the Cavity, which includes or receives the other Dart 
LP, .when they are ſhut up between the Fleas fore Legs, all the four make 
but one Proboſcis. 
Beſides theſe two Legs before ſpoken of, which adhere to the Head of 

this little Creature, it has four others, which are join'd to its Breaſt ; theſe 

ſix Legs the Flea clitches up altogether; and when he leaps, ſprings them 
all out at the ſame Inſtant, and thereby exerts his whole Strength at once, 
which carries him to a ſurprizing Diſtance, above 100 times its own Length. 
Its Legs have ſeveral hairy Joints, which terminate in Jong hooked Claws; 
as in Fig. 158. 
If the Eggs of Fleas be kept conſtantly warm in one's ; = (it has 
been obſerved that) in the Midſt of Summer, they hatch in four Days; 

then feed the Maggots with dead Flies, which they greedily ſuck. In 
eleven Days they come to the full Perfection of the Reptile State, when 
the Maggot ſpins its Bag, and in four Days more changes into a Chryſalis ; 
after lying in which Condition nine Days, it becomes a perfect Flea. It is 
then immediately capable of Coition, and in three or four Days lays Eggs; 
ſo that in * 28 Days, a Flea may come from its Egg, and propagate its 
Kind; and their vaſt Increaſe will not ſeem ſo great a Wonder if we conſider, 

that from March to December there may be ſeven or eight Generations of 


them; after having laid their Eggs they ſoon die, as all Creatures do that 
undergo ſuch like Changes. 


If you keep Fleas in ſuch a Glaſs Tube, as is before deſcribed, ſo as to 
admit freſh Air, their ſeveral Actions may be obſerved, and particularly 
their Way of Coupling, which is performed Tal to Tail. The Female 
(which is much the larger) ſtanding over the Male: They will alſo be ſeen 


to lay their Eggs, not all at once, but ten or twelve in a Day for ſeveral 
Days ſucceſſively ; which Eggs hatch in the ſame Order. 

A iſſection of the Flea may be effected in Water, the + Stomach and 
Bowels, with their periſtaltick Motion, may plainly be diſtinguiſhed, and 
alſo the Teſtes and Penis, together with Veins and Arteries, minute be- 
yond Conception. Mr. Leeuwenbock affirms, that he has likewiſe diſco- 


ver'd innumerable Animalcules, ſhaped like Serpents, in the Semen Maſculi- 
num of a Flea. | 


Arc. Nat. Tom. IV. 5p. 325. + Bid. p. 335. 
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CHAP. XXII. 
Of the Louſe. 


HE Tranſparency of its Skin enables us by the Help of the Micro- 
| ſcope, to diſcover the Motion of the Muſcles, * (which unite in an ob- 
long dark Spot in the Middle of its Breaſt) as the Louſe moves its Legs; 
and alſo in the Head, when the Horns are moved, and in the ſeveral Ar- 
ticulations of its Legs. The periſtaltick Motion of the Inteſtines is really ſur- 
prizing, which is continued from the Stomach thro? the Guts to the Anus. 
The various Ramifications of the Veins and Arteries, which are white, 
and a regular Pulſe may be alſo diſcern d. From its Head proceeds two 
hairy Horns B B, Fig. 159. with four Joints. Its two black Eyes 
are ſhewn at C C, fenced round with ſeveral ſmall Hairs; it has fix Legs, 
cover'd with a very tranſparent Shell, and jointed exactly like a Crab's or 
Lobſter's Claws; each Leg hath five Joints with ſeveral ſmall Hairs inter- 
ſpers'd about them; at the End of each is two ſharp hooked Claws, as 
may be ſeen in the Figure, unequal in Length and Size; one of which re- 
ſembles that of an Eagle, but the other of the ſame Foot + ſtands ſtrait out, 
and is very ſmall ; between theſe two is a raiſed Part or Knob, moſt ex- 
quiſitely contrived for performing thoſe Motions of walking and climbing 
up the Hairs of the Head; for when it walks, by having the leſſer Claw 
G ſet fo much ſhort of the bigger H, that the former does not touch, and 
by Means of the ſmall Joints in the latter, it is able to bend it round, and 
ſo with both Claws to graſp and hold faſt the Hairs . From its Snout at the 
Hole D, when the Louſe is going to feed, it puſhes out a pointed 
Part, which is repreſented at Fig. 157. whereof L O is the Snout Part 
of the Louſe's Head. At O is the Nipple, from whence the Sheath, or 
Caſe M, and from within this alſo, the Piercer d or Sucker N is puſhed out; 
at N, its Point is ſomewhat cleft. Theſe are thruſt into the Skin to draw 
out the Blood and Humours it feeds on; for Mr. Hook placed a Louſe upon 
the Back of his Hand that had been faſting two or three Days, which 1m- 
mediately thruſt its Sucker into the Skin, and he could plainly fee a ſmall 
Current of Blood come directly from its Snout in a fine Stream to the fore 
Part of the Head, and then to fall into a roundiſh Cavity ; it paſſes again 
in a like Stream to another circular Receptacle in the Middle of the Head 
at A, from thence through a ſmaller Veſſel to the Breaſt; and then to a 
Gut that reaches to the hinder Part of the Body, where in a Curve it turns a 


* 
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little upwards. In the Breaſt and Gut the Blood without Intermiſſion is 
moved with great Force, and in the Gut with ſuch a ſtrong Propulſion 
downwards, and ſuch a Contraction of the Gut as is ſurpriſing. In the up- 
per Part of the crooked anna, Gut the propelled Blood ſtands ſtill, and 
ſeems to undergo a Separation; “ part of it becoming clear and wateriſh, 
while certain little black Particles paſs downwards to the Anus. The Thorax 
is caſed with a tranſparent horny Subſtance, through which the Blood was 
variouſly diſtributed ; and at I, appeared a pretty big white Subſtance ; 
many very ſmall milk-white F Veſſels were diſcernable berween its Legs, out 


of which on either Side were many minute Branchings, The Belly is co- 


vered with a thin tranſparent Skin ; at the upper End of this its Stomach 


KK is placed, and the white Spot 11 at the Extremity of the Tail are 


two ſemicircular Parts covered all over with Hair. 


Place a Louſe on its Back and two darkiſh bloody Spots will appear; 


the larger in the Middle of the Body, and the leſſer towards the Tail. In 
the Jarger Spot a white Film + or Bladder contracts, and dilates upwards and 
downwards from the Head towards the Tail ; the Pulſe of which is follow- 
ed by a Pulſe of the dark bloody Spot, in or over which the white Bladder 
ſeems to lie. This Motion of Syſtole and Diaſtole is ſeen beſt when the 
Louſe is grown weak ; the white pulſing Bladder ſeems to be the Heart, 


for on pricking it the Louſe inſtantly dies. The lower darkiſh Spot is 
thought to be the Excrement in the Guts. 


The Males have Stings || in their Tails, the Females none: The Females 


lay Eggs or Nits, from whence Lice are produced een in all their Mem- 
bers, and undergo no farther Change. 


Mr. Leeuwenboek obſerved that in ſix Days one of them had laid 50 
Eggs, and diſſecting it, he ſaw as many more in the Ovary ; concluding - 


from thence that it would have laid 100 Eggs in 12 Days. Theſe Eggs 
hatch'd in ſix Days, would probably produce g0 Males and as many Fe- 
males ; and theſe Females coming to their full Growth in 18 Days, might 


in 12 Days more probably lay 100 Eggs alſo, which Eggs in ſix Days 


farther, the Time required to hatch them, might produce a | young Brood 

of 5000; ſo that in eh Weeks a Louſe may fee 5000 * of its own 

Deſcendants. 

Upon the oblong Slip of Glaſs R, Fi ig. 2. a Louſe may be eaſily difſects 

ed in a ſmall Drop of Water and applied to the Microſcope ; thus five or 
ſix Eggs ready to be laid may be found in the Ovary of a Female, with 

many other of a leſs Size. In the Male the Penis is remarkable, and alſo 


the Teſtes, whereof it has a double Pair. The Females appear "wp ws ; 


if faſting, and even 2 when fed are leſs red than the Males. 


* Phi. Tran. No. 102. ÞF Hob: Micro. p. 213. . Pow. Mi. Ob. p. 9. I Are. 
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The Vermin adhering to and feeding on the Bodies of different Animals. 
are commonly called Lice. 

Inſects are infected with Vermin that feed on and torment them; ſever- 
Beetles have Lice on them, 

The Earwig is troubled with minute inſects, which ſtick like Lice on 
the ſeveral Parts of the Body, eſpecially under the ſetting on of its Head. 
They are white like Mites, but ſmaller; are round back'd, Hat bellied, 
long legged, eſpecially the two foremoſt, the ſame has not been obſerved 


on any other Animal. 


Snails of all Kinds have Inſects feeding on. them. Small red Lice are 
frequently to be ſeen about the. Legs of Spiders. 

White Lice are commonly found on Humble-Bees, on Ants, on Fiſhes, 
Sc. and probably very few Creatures are free from them. a 

The Polipe alſo is not exempt from Vermin of this Sort. s 

There is another Sort of Loufe found about unclean People, called a 


| Crab-louſe. 


Seignior Redi at the End of his Treatiſe de Generations Inſecto, hath 


obliged us with Microſcopick Drawings of ſeveral Sorts of Lice, that feed 
upon the Bodies of different Animals, to which I refer the Reader. 


In the Hawk and Turkey Hen he obſerved three Sorts, four in the 


Wild Duck, in the Wild Gooſe, Swan, Keſtrel and Plover two; yet there 
are ſeveral Sorts of Birds, which have either the ſame Sort of Lice, or 


ſome nearly like them. The Keſtrel hath a fort of Lice differing only in Co- 
lour from thoſe of the Raven; and the Raven others, like thoſe found 
upon the Egret : On the Wood- -pecker and Chafinch are ſome reſembling 


thoſe of the Starling ; on the large Wild Duck are ſome much like thoſe = 


of the Wild Gooſe. It is alſo obſervable, that the Bigneſs of each Bird's 
Lice bears no adequate Proportion to the Bigneſs of the Birds they are 
found upon; but that on the largeſt Birds both large and ſmall Lice of dif- 
ferent Kinds may be found; for on the Black-bird hath been ſcen ſome as 
large as thoſe on the Swan-. 

There is alſo a little Animal in Shape and Colour like a Louſe, com- 
monly found among the Leaves and Covers of Books, and in rotten Mood; 
it has a ſwift Motion and runs by Starts ; it is called a Wood: -louſe F or Mood. 
mite. If this Animal be ſtuck upon the Point of a very fine ſewing Needle 
with a little Turpentine, it will be found a very curious Object; its whole 


Body being caſed in annulary Circles, full of Silver Hairs, eſpecially to- 


wards the Tail, with fix Legs, that terminate in two Talons; it hath two 


Horns, but pointing backwards; its Eyes are of a golden Colour, and 


puſhed out or drawn in at Pleaſure it bath alſo two Pointers before like a 


Pair of Pincers. 


Phi, Tran, Ng. 288. f Pow. Mi. Ob. p. 10. 
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CHAP. XXIII. 
Of Mites. 


Sx cr. I. 


HEY are cruſtaceous Animals, having a ſmall Head in proportion 
to their Bodies, a ſharp Snout and Mouth like that of a Mole, when 
open it appears red; they have two little Eyes, ſome have ſix Legs, others 

eight, each of which terminate in two hooked Claws: The Diviſions of 

the Head, Neck and Body are eaſily diſcernable by the Microſeope ; the 
hinder Part of its Body is plump, and of an oval Form, with a few exceed- 
ing ſmall Hairs iſſuing therefrom, and from other Parts of its Body allo. 
The Female lays Eggs, the young ones iſſue forth with all their Members 
B though extremely minute; they caſt their Skins ſeveral Times be- 
ore they attain their full Growth. 

Fig. 160. repreſents one of the Mites in Cbeeſe; its Head is ſeen at A, 
and exactly anſwers the Deſcription before given. One of a Mite's Eggs 
is ſeen at Fig. 165. | : 

They may be kept alive many Months between two concave Glaſſes, 
and applied at Pleaſure to the Microſcope ; by often looking at them they 
may frequently be ſeen in coitu, | conjoin'd Tail to Tail, for though the 
Penis of the Male be in the Middle of the Belly, it turns backwards like 
the Rhinoceros. The Coſtus is performed with an incredible ſwift Motion. 
In warm Weather their Eggs hatch in 12 or 14 Days; but in Winter- 
time and cold Weather not under ſeveral Weeks: The young ones may 
be frequently ſeen near a Day ſtruggling to get clear of their Egg ſhell. 


TED WW - 
Of the wandering Mite. 


T HES E Creatures appear to the naked Eye to be a kind of black 
Mite, though much nimbler and ſtronger than the Cheeſe Mites, 
but on viewing them in the Microſcope, they will be found to be a very fine 
cruſtaceous Inſect, like Fig. 161. with a protuberant oval Shell indented 
with ſeveral ſmall Pits, covered all over with white Briſtles, they have 
eight Legs, each of them furniſhed with a ſharp Claw at the End. The 


* Pow. Mi. Ob. p. 16, f Arc. Nat. Tom. IV. p. 360. 
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Thorax was cover'd by two Shells, its Snout taper with a knobbed Ridge * 
running along the Middle of it; juſt over each of its Eyes aroſe two very 
long and ſtrong Briſtles, its Eyes black and ſmooth like thoſe of bigger In- 
ſets. Theſe Mites are to be met with on almoſt any Subſtance where they 
can get Food. „ | DE 
Another Sort of Mite as delineated by Dr. Hook, is repreſented in Fig. 
162, cover'd with a curiouſly poliſhed Shell, which reflected the Light 
from all Sides. | 


Theſe Creatures are very much diverſified in Shape and Colour, 


and in ſeveral other Circumſtances, according to the Nature of the Sub- 


ſtance out of which they ſeem to be fed, 4 being in one longer, in another 
rounder, in ſome more hairy, in others ſmoother, in this nimble, in that 
flow, here pale and whiter, there browner, blacker, or more tranſpa- 

rent. They are to be met with almoſt on all Kinds of Subſtances, that 


are mouldy or putrifying, in Oatmeal, and in Malt-Duſt; there are Mites 


bred among Figs, || in Hay, and in the Powder that falls off dried Roots f. 
They are voracious Animals, and devour not only Cheeſe, but alſo all 
Sorts of dried Fleſh, Fiſh, Fruits, and Grain, and almoſt every Thing 


beſides that has a certain Degree of Moiſture, without being over-wet. | 


Fig. 164. repreſents a ſmall Hair of a Mite as delineated by Mr. Leeuwen- 


 boek, which a certain Gentleman compared to an Indian or Japan Cane, r 


with ſeveral Joints, and ſaid it appeared to him through the Microſcope as 
if ſharp Twigs were ſprouting out of each Joint. And Fig. 163, 
repreſents another Hair or Briſtle of a Mite magnified, which was 
ſpicated, er bearded like the Ear on the Seed-beard ** of ſome Grafs. 
Every Briſtle on its Body and Legs had the fame Formation ; yet all Mites 
are not ſo; for of ſeven or eight which were incloſed together, but one of 
them was found whoſe Briſtles were all of this Make, in the reſt the Horns 
only were ſpicated. De 
Their Mouths open horizontally to the Right and Left, like that of a 
Waſp ; ſeveral of them being ſhut up together without Food for ſome 
Days, ſome were found dead, and the 
which Means their manner of feeding tt was obferved,. which is very remark- 
able ; for they thruſt one Mandible forwards, and draw the other back- 
| wards at the ſame Time, and thus they do alternately ; fo that they feem 
to grind their Food. After feeding they munch or chew the Cud. 


Mr. Leeuwenboek hath obſerved that Mites in Cheeſe turn into Aurelias, 


and from thence to Flies; when they turn into Aurelias ||| they are incloſed 
in a thin tranſparent Membrane, which in ſome meaſure ſcreens them from 
the Inſults of the Maggots that ſwarm in Cheeſes. He alſo obſerved fome 


* Hoot's Mi. p. 206. 1 Ibid. p. 214. || Ph. Tran. No. 333. f Power's Mi. Ob. p. 18. 
id. Ne. 284. f Bid. No. 333, 1 Did. No. 284. id. No. 262. 8 
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of the Flies produced from theſe Cheeſe-Worms, that he kept in a Glaſs- 
Tube in which he had put Cheeſe for them to feed upon, had coupled; 
and ſoon after laid Eggs of an oblong Figure, and then died : From theſe 
Eggs came young Worms, which alſo fed on the Cheeſe, and when he 
judged them to be at their full Growth, and the Weather began to be cold, 
he took ſix of the biggeſt, and carried them about him ; and a few Days 
after he obſerved that four of them were changed into Aurelias, that two 
Worms were dead, and two Flies ſkipping about the Glaſs ; he repeated 
the ſame Thing in January, and with the like Succeſs ; when he kept them 
in the Cold, little or no Sign of Life or Motion appeared; but as ſoon as 
he put them into his Pocket, they were as briſk as in Summer. Upon 
opening an Aurelia that had never produced a Fly, a dead one was found 
within it, which had been making its Efforts to get out, but was not ſtrong 
enough to effect it. f 5 * 
Theſe Vermin creep into the Cabinets of the Curious, and deſtroy their 
choice Collections of Inſects : But to prevent this, keep in your Drawers, 
Sc. a continual Supply of Camphire, whoſe hot and dry Effluvia will pe- 
netrate, ſhrivel up, and deſtroy the tender Bodies of theſe little miſchievous | 
Plunderers. i 2 


Sx c r. III. 
Of a Crab: lite Inſect. 


HIS Inſect is about the Bigneſs of a large Mite, and of a very 
| curious Form, as delineated in Fig. 166, it had ten Legs, eight of 
which aaaa terminated in very ſharp but double hooked Claws, being 
thoſe it walked upon, which were ſhaped much like thoſe of a Crab: the 
two other Claws A A, that were the foremoſt of all the ten, ſeemed to 
branch out from its Head, and were exactly formed like Crabs, or Lob- 
ſters Claws, as are expreſſed in the Figure, whoſe Ends terminated in a 
Pair of Pincers, (with which I have often ſeen him ſtroke thoſe other Claws 
EE) which grew out of his Snout; in walking the Creature elevated the 
former above its Head and Body; its Eyes were ſituated about d d, its 
Head was covered with a kind of ſcaly * Shell at F, its Thorax G G with 
two ſmooth Scales, and its Back with eight knobbed ones H H. Theſe 
Inſects are frequently to be met with amongſt Books and Papers that come 
from China, when firſt unpacked. 


* Hook's Micr. p. 208. 
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CHAP. XXIV. : 
Of the Semen Maſculinum. 55 


O Pontaneous Generation, is a Doctrine ſo generally exploded, that a 
_J Diſproof of it is altogether needleſs in this Place, it being put be- 
yond all Diſpute that all Animals and Vegetables owe their Production to } 
parent Animals and Vegetables; and that Animals are from Animalcula.* 4 
| Theſe Animalcula being originally in the Semen of the Male, and not in 1 
the Female; therefore can never come forward or be formed into Animals 1 
of their reſpective Kinds, without the Ova in the Female +. 
By the Aſſiſtance of a good Microſcope, Myriads of Animalcules may 
be diſcovered in the Semen Maſculinum of Animals, alive and vigorous ; 
though ſo exceedingly minute, that it has been computed 3, ooo, ooo, ooo 
of them are not equal to a Grain t of Sand. 
The general Appearance of the Animalcules in the Semen Maſculinum of 
different Creatures is very much the ſame, that is, their Bodies all ſeem to 
be of an oval Form, with long tapering flender Tails iſſuing therefrom, 
ſomewhat reſembling Tadpoles : Though their Tails in Proportion to their 
Bodies are much longer than thoſe of Tadpoles. And the Animalcules in 
the Semen of Fiſhes have Tails ſtill longer and flenderer than either, inſo- 
much that the Extremity of them is rarely to be difcerned. Their general 
Appearance as above deſcribed is ſhewn Fig. 187. 
Mr. Leeuwenboek, upon viewing the Mik of a Cod Fifþ with a Mi- 
croſcope, obſerved therein ſuch prodigious Numbers of living Animalcula, 
with long Tails inceſſantly moving to and fro, (he obſerved the fame Thing 
in the Milts of Pikes or Jacks) that according to his Computation '10,000 
of them might be contained in the Quantity of one Grain of Sand d. Whence 
he argues, that there are more living Auimalcula in the Milt of one Cod. ib, 
than there are People alive upon the Face of the whole Earth, at one and 
the ſame Time. He computes one hundred Grains of Sand to make the 
Diameter of an Inch, then a cubic Inch will contain a Million of ſuch 
Sands. And as he found the Milt of the Cod-fiſh to contain 15 Inches, it 
muſt contain 15 Millions of Quantities as big as a Grain of Sand; and if 
each of theſe Quantities contain 10,000 Animalcules, the whole muſt con- 
'tain one hundred and fifty thouſand Millions. Then to calculate the Num+ 
ber of People, he reckons a great Circle to contain 5,400 Dutch ſquare . 
Miles: W hence he calculates the Earth's Surface to contain 9,276,218 ſuch 
ſquare Miles: And ſuppoſing one Third of the whole or 3,092,072 Miles 


* Phi. Tr. No. 192. + Vide Harris's Lex. Tech. under the Word Generation. Þ Vide 
Eil. Anat. p. 116. || Ph. Collections, No. I. p. 3. FG dre. Nat. Tom. I. Par II. p. * 
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to be dry Land; and of this + or 2, 06 t, 382 Miles to be inhabited. And 
ſuppoſes farther, that Holland and Weſt-Frigeland are 22 Miles long, and 


7 
broad, which make 154 ſquare Miles: The habitable Part of the World 
is then 13,38; times the Bigneſs of thoſe Places. 
If the People in theſe two Provinces are ſuppos'd a Million, and that all 
the other Parts of the World are as populous as theſe, which is improbable, 
there would be 13,385 Millions of People on the Face of the whole Earth: 
But the Milt of this Fiſh contain'd 150,000 Millions of Animalcules, which 
is 10 times more than the Number of Mankind. 5 

The Seminal Veſſels of a Cock“ being opened, and a ſmall Drop of the Se- 
men ſqueezed out, and apply d to the Microſcope, great Numbers of Ani- 
mals were ſeen ſwimming therein in Legions, and croſſing one another like 
Clouds in a ftormy Day, as briſk as if the Cock was but newly dead, altho' 

it was killed the Day before ; they appear as at Fig, 168. if viewed with due 


Attention, and with the greateſt Magnifiers, otherwiſe only in the Form of 
- | 


Mr. Leeuwenhoek, in the Spring- time, when the Frogs engender, open'd 


the Teſticles of the Male, || and on applying ſome of the ſeminal Matter to 
the Microſcope, Multitudes of Animalcules appear'd therein, about +55 th 
Part of the Thickneſs of a human Hair; and there ſeemed to be ten thou- 
ſand of them ar leaſt to each one of the Female Ova, their Form is as re- 
preſented in Fig. 169. = = 
Mr. Leeuwenboeł's Method of computing the Size of Animalcules was this, 
he placed an Hair 5 of his Head near them, which Hair appear'd an Inch in 
Breadth ; and being ſatisfied that 60 of theſe Animalcules could lie within 
that Diameter ; whence their Bodies being ſpherical, 216,000 of them are 
but equal to a Globe, whoſe Diameter is no more than the Breadth of ſuch 
an Hair. Another Method of his alſo follows. | 
| He firſt ſuppos d a Drop of Water equal to a Pea; then took a little 
Quantity of Water, of a round Figure, as big as a Millet Grain ; and reckon- 
ed this tobe r of a Pea; f for when the Axis of a Millet Seed makes 1, that 
of a Pea will make 4, whence it follows, that the Seed of a Millet is at 
leaſt the, of a Pea; this ſmall Quantity of Water he put into a very 
ſlender Glaſs Tube, dividing by this Means that little Water into 25 or 30 
Parts, and found more than 100 Animalcula in the Y Part of Water, e- 
qualling the Bigneſs of a Millet Seed. Whence it appears, that if 1000 

are ro be ſeen in the +7 Part of a Millet Seed, there may be ſeen 30,000 
in one ſuch whole Seed; and conſequently in a Drop of Water 91 times 
bigger, there may be ſeen 2,730,000. Beſides he compared the Water to 
the Bulk of a Grain of Sand; that if the Axis of a Grain of Sand be 1, that 


* Phil. Tranſ. No. 279. + Arc. Nat. Tom. Il. Part II. p. 369. J Ac. Nat. Tom. I. 
Pat J. p. 513. $ Phil. Tranſ. No. 279. Þ Jbhid. No. 131. . 
* ; 0 ö 


— 


Of the Semen Maſculinum. 97 


of a Drop of Water is at leaſt o, conſequently a Drop 1000 times bigger 
than that Grain of Sand, and therefore there are 1,000,000 of Animalcula 
in one Drop of Water, at the Rate of 1000 little Animals in that Quantity 
of Water. „ 
In the ſame Manner he alſo computed that 4,096,000 Eggs were in 
the Roe of a Crab. Each of which received its Nouriſhment by a String 
from the Crab's Body. | 

To view the Animalcules in the Milt or ſoft Roes of Fiſhes, ſqueeze out 
a little of it, and putting the Quantity of a Pin's Head upon the Glaſs R, 
_ dilute it with River or Rain-Water, till they have ſufficient Room to ſwim 
freely about, and ſhew themſelves to Advantage. 
N. B. The Eggs F in the Roe and Animalcules in the Milt of Fiſhes of 
one Year old, are as large as in thoſe of the ſame Species of twenty Years 
old. 5 | 

Some of the ſeminal Matter taken from the Teſticles of a Dog, ||abound- 
ed with Animalcules in Form of Fig. 170. and ſome of them remain'd a- 
live after having been kept ſeven & Days in a Glaſs Tube. | 

The Teſticles of a Hare, altho* four Days + dead, were found to be ex- 
ceeding full of Animalcules, like thoſe in Dogs, ſwimming in a clear Li- 
quor, but without Motion. | 
A Female Rabbit being killed immediately after the Coitus, and the Ute- 
rus opened, innumerable Quantities of Animalcules were found in a ſmall 
Drop taken from the Mouth of the Fallopian Tube, where it opens into 
the Matrix; but none were diſcern'd in the Uterus itſelf, or farther along 
the Tube ; they had long Tails, and moſtly ** fix tranſparent Globules ap- 
pear d on the Body of each, as in Fig. 171. A; tho' ſome had only one 
Globule at the End of the Body, and another in the Tail, as Fig. 171. B. 
A Buck being killed in Rutting-Time, the Vaſa Deferentia were found 
turgid, and full of a milky Fluid, a Drop of which diluted with a Drop of 
warm Water, juſt enough to change its Colour, and then applied before 
the Microſcope, appear d full of Animalcules moving very briſkly || H. 

A Drop of the ſeminal Matter taken from the Teſticles of a Ram, flow- 
ed with Animalcules in as great Numbers as that of other Creatures; but 
with this Difference, that they ſwam in Droves together the ſame Way, 
and ſeem'd to follow their Leader FF as Sheep do. Mr. Leeuwenboe found 
ſo much Pleaſure in this Obſervation, that he called in ſome Neighbours to 
ſhare it with him. | 5 
This ingenious Enquirer after Nature, opened the Uterus of an Ewe, 
about ſeventeen Days after ſhe had been coupled with a Ram; and in one 


* Arc. Nat. Tom. I. Part I. 9.339. 1 Bid. Tem. III. p. 188. id. Tom. I. 
Part II. p. 160. 5 bid. p. 1 50, and 49. f Bid. Tom, I. Part II. p. 160. Ibid. 
Tem. I. Part II. p. 168. |||| Phil. Tranſ. No. 284. FF Leeuwenh, Epiſt. Phy. p. 388. 
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of the Cornea obferved a little reddiſh fleſhy Subſtance, wherein no Shape 
could be diſtinguiſhed, which he extended very gently out of the Round 
in which it lay, and could plainly perceive the Formation of all the Yerte- 
bre, with the Blood- Veſſels and Ramifications paſſing over them, and could 
ſee the ſpinal Marrow in two Places *, and diſtinguiſhed not only the 
Head, but alſo the Mouth, Brain, and Eyes, the Bigneſs of two Grains of 
Sand, and clear as Cryſtal ; he likewiſe ſaw the Ribs and Inteſtines, tho” 
the whole Creature was no larger than the eighth Part of a Pea. After 
which he open'd the Uterus of another Ewe, F three Days from the Coitus, 
and ſearching the Liquor coming therefrom with a magnifying Glaſs, ob- 
ſerved a little Particle the Size of a Grain of Sand ; and examined it with 
a very good Microſcope, and with great Pleaſure found it to be an exceed- 
ing minute Lamb, lying round in its Integuments, and could plainly diſcern 
its Mouth and Eyes. 

The human Semen has alſo been viewed by the Microſcope, and found to 
be as plentifully ſtocked with Animalcules, as that of other Animals: Mr. 
Leeuwenhoek has ſeen more than 10,000 living Creatures moving in a Quan- 
tity of the fluid Part thereof, no bigger than a Grain of Sand: And in the 
_ thicker Parts, they were ſo thronged together, that they could not move 
for one another; their Size was ſmaller than the red Globules of the Blood, 
and even leſs than a millionth Part of a Grain of || Sand, their Bodies 
roundiſh and flat before, as in Fig. 172. but ending ſharp behind. Their 
Tails are exceedingly tranſparent, and five times longer, and ſlenderer tan 
their Bodies. They move by the Agitations of their Tails in various Bind- 
ings, after the Manner that Eels ſwim. 
The & Animalcules in the Semen Maſculinum of all Creatures 4 but 

little in Shape or Bigneſs, for which Reaſon it follows, that the Animalcules 
may be diſcover'd in the Semen of the ſmalleſt Birds, Quadrupeds, and 
Fiſhes ; nay, and even in Inſects to. For Mr. Leeuwen bael affirms, that 
he found in the white Matter he had ſometimes ſqueezed from the hinder 
Parts of Male + Spiders, a prodigious Number of Auimalcules. He found 
them alſo in the Semen of the (a) Dormouſe, in (b) Oyſters, in (c) Silk- 
worms, in the (d) Labella minima, or ſmall Dragon Fly, the common 
(e) Fly, in the Male (f) Flea, in (80 Gnats, and many other Inſects. 

It is obſervable that amongſt the many Species of Animalcules found in 
Waters, and other Infuſions, there are none like thoſe in Semine ; but that 
theſe laſt, in all Sorts of Creatures, have a general Likeneſs to each other, and 


* Arc. Nat. Tom. I. Part II. p. 164. + Bid. p. 173. | Arc. Nat. Tom. II. Part II. 
p. 61, 96, 286. $ Ibid. Tom. IV. p. 30. + Phil. Tranſ. No. 279. (a) Arc. Nat. 
Tom. I. Part II. p. 27. (6) Ibid. Tom. II. Part I. p. 144. (c) Ibid. Part II. p. 442 
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appear in continual Motion without any Intermiſſion, if the Fluid be but 
ſufficient for them to ſwim in. 


It is farther obſervable, that no Auimalcules can be found in the Blood, 


Spittle, Urine, Gall, Chyle, or any other of the Humours, except the Se- 
men only. | | e 


CH AP. XXV. 
M the Oyſter. 
AN little round living Animalcules have been found in the clear 


| Liquor of an Oyfer, * ſuppoſed to be the Animalcales in the Roe 


or Semen. | | 

Mr. Leeuwenhoek open'd an Oyfter on the 4th of Auguſt, (which is the 
Time that Oyſters are ſuppos'd to breed) and took out of it a prodigious 
Number of minute Oyſters, all alive and ſwimming briſkly in the Liquor, 
by the Means of exceeding ſmall Organs, extending a little Way beyond 
their Shells, which he calls their Beards ; in theſe he could diſtinguiſh the 
Joining of the Shells, and perceived fome that were dead, with their 
Shells gaping, and as like large Oyfters in Form as one Egg is like another. 


Upon opening a Female Oyfer, incredible Multitudes of minute Oyſters, 


cover'd with little Shells, perfectly tranſparent, were plainly. ſeen therein; 
in another they were found of a browniſh Colour, without any apparent 
Life or Motion. 9 
Mionſ. Axout obſerved a ſhining clammy Matter, which ſtuck to the 
Shells of Oyſters, and being drawn out, ſhone F in the Air its whole Length, 


which was four or five Lines, and continued ſo for a conſiderable Time 


when laid on the Obſerver's Hand, and afterwards opening more than 20 


Dozen in the Dark, and then examining ſome of this ſhining Marter with 


a Mieroſcope, he found it to conſiſt of three Sorts of real Worms. One 
was whitiſh, having 24 or 25 forked Feet on each Side, with a black Speck 
on one Side of the Head, taken by him for a Cryſtalline, Its Back like an 


Eel ſtripp'd of its Skin; the ſecond was red, reſembling the common 


Glow-werm, with Folds on its Back, Legs like the former, and a Noſe like 


that of a Dog's, and one Eye; the third Sort was ſpeckled, with a Head 
like a Soal, and many Tufts of whitiſh Hair on its Sides. There was a 


bigger Species, that was greyiſh with a big Head, and two Horns like 
thoſe of a Snail; it had ſeven! or eight whitiſh Feet, but theſe ſhined not. 


The two former conſiſt of a Matter eaſily diſſolvable, the leaſt Touch 


turning them into a viſcous and aqueous Matter, which falling from 
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the Shell, ſtuck to the Obſerver's Fingers, and ſhone there for 20 Seconds. 
If any Part of it fell to the Ground it appeared like a ſmall Piece of flaming 
Brimſtone, and when ſhook off nimbly, it ſeemed a ſmall ſhining Line, 
which was diſſipated before it reached the Ground. Some of it was whitiſh, 
ſome reddiſh, but both afforded a violet Colour to the Eye. The Worms 
give no Light when irritated ; and if they do, it laſts but a little while: 
Whereas in thoſe that are not provoked, it continues a good while. 

As tainted Fleſb, rotten Wood, Bodies of Lobſters, and ſome other Kinds 
of Fiſhes, and other Subſtances, are ſometimes found to ſhine with a Light 
reſembling the foregoing, may it not probably proceed from the ſame 
Cauſe, viz. from Animalcules ? Some have alſo ſuppoſed, that the Ignis 
Fatuus, Will in a Wiſp, or Jack in a Lanthorn, is nothing elſe but a Swarm 
of minute Inſects, that emit Light round them in the Manner Glare 
worms do. 


CHAP. XXVI 
Of the Muſcle. 


IN a Diſſection of the Ovarium of a Muſcle, Mr. Leeuwenboek diſcovered 
1 Numbers of Embrio Muſcles, * which appeared as plainly in the Micro- 
ſcope as the Muſcle does to the naked Eye; lying with their ſharp Ends 
faſtned to the Strings or Veſſels whereby they received their Nouriſhment. 
Theſe minute Embrio Muſcles are in due Time laid or placed by the 
Parent, in a very regular and cloſe Order, on the Outfide of the Shell; 
where, by means of a glewy Matter, they adhere very faſt, and continually 
| increaſe in Size and Strength; till becoming perfect Muſcles, they fall off 
and ſhift for themſelves, leaving the Holes where they were placed behind 
them, as Abundance of Muſcle-ſhells when viewed by the Microſcope can 
ſhew. Two or three thouſand of theſe Eggs adhering ſometimes to the 
Shell of one Muſcle ; it is not certain they are all fixed there by the Muſcle 
itſelf, but are frequently placed there by another Muſcle. The fringed 
Edge of the Muſcle, called by Mr. Leeuwenboek the Beard, has in every the 
minuteſt Part of it ſuch a Variety of Motions, as is unconceivable; for being 
compoled of longiſh Fibres, each Fibre has on both Sides a vaſt many 
moving Particles, which one would almoſt imagine to be Animalcules +. 
The Strings or Threads, which we term the Beard, are compoſed of a 
Glew, which the Muſcle applies by the Help of its Trunk to ſome fixed 
Body, and draws out as a Spider does its Web, thereby faſtening itſelf, 


Pb. Tran, No. 336. f Phi. Tran. No. 336. Arc. Nat. Tom, II. 2. 19. & Tom. IV. 
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that it may not be waſh'd away. If Muſcles be put into Salt and Water, 

they will faſten themſelves to the Sides of the Veſſel we place them in. 
Scallops, Cockles, Limpets, Perriwinkles, and Abundance of other Shell- 

fiſh, are Objects that have as yet been very lightly examined by the Mi- 


croſcope; and therefore the ſerious Enquirer into Nature's ſecret Operations 


may here be certain of diſcovering Beauties, which at preſent he can have 
no Conception of. 


HA  XXVIE 
Of the lich. 


:  Otor Bononio hath diſcovered that this Diſtemper owes its Riſe to lit- 


tle Inſects * under the Cuticula, whoſe continual Bitings cauſe an 
Ouſing of the Serum from the Cutis, and produce thoſe Puſtules whereby 


the Diſeaſe 1s known. | 
For on obſerving People, in this Diſtemper pull out of the Scabs, little 


Bladders of Water with the Point of a Pin, and crack them like Lice upon 


their Nails, from a Place ſcabbed over, and where there was a grievous 
Itching, he picked out a little Puſtule, and from thence ſqueezed a 
thin Matter, in which he could but juſt diſcern a ſmall white Globule; but 
on applying it to his Mzcroſcope, found it to be a minute Animal of a 
whitiſh Colour, in Shape reſembling a Tortoiſe, but ſomewhat dark on its 
Back; it is repreſented in Fig. 173, at A and B, they have ſome long Hairs, 
fix Legs, a ſharp Head, and two Horns, and are very nimble. He repeated 
this Experiment on Perſons of all Ages, Sexes, and Complexions, and at 


all Seaſons of the Year, and found the ſame Sort of Animals in moſt of 


the watery Puſtules ; they begin to enter in the Furrows of the Cuticula by 
onawing and working in their Heads till they are quite got under, where 
they cauſe a grievous 1tching, and force the infected Perſon to ſcratch, 
which only heightens the Malady : From his frequent Obſervations he alſo 
ſaw one of them drop an Egg, almoſt tranſparent, from the hinder Part of its 
Body, and afterwards ſaw feveral others of the ſame Sort, one of which 
is repreſented at C, Fig. 173. | 55 

Hence follows the Reaſon why this Diſtemper is ſo very catching, ſince 
by ſimple Contact theſe Animals can readily paſs from one Perſon to another, 
not only from their ſwift Motion, but by their clinging to every Thing they 
touch; and crawling as well upon the Surface of the Body, as under the 
outward Skin. A few being once lodg'd, they multiply apace by their 
Eggs; nor is it any Wonder if this Infection is alſo propagated by the 


* Bonani Micro. p. 91. f Ph. Tran. No. 283. _ 
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Sbeets, Towels, Handkerchiefs, or Gloves, uſed by itchy People; ſince 
theſe Animalcules may eaſily be harboured in ſuch Things, and will live 
out of the Body two or three Days. 

This Diſcovery alſo accounts why this Diſtemper is never cured by in- 
ternal Medicines, but requires lixivial Waſhes, Baths, or Ointments, made 
up of Salts, Vitriols, Mercury, Sulphur, Precipitate or Sublimate, or ſuch 
kinds of corroſive and penetrating Remedies as can powerfully kill theſe 
Vermin in their Skin. It is neceſſary to continue the Anointing for ſome 
Days after the Cure ſeems perfected ; for though the Ointment may have 
deſtroyed all the living Animalcules, it may not probably have killed their 


Young in the Eggs, which are laid in Neſts in the Skin, which if ſuffered 
to be hatched may renew the Diſtemper. 


CHAP. XXVIL 
Of Animalcules in the Teeth. 


1 are to be found in great Numbers of different Kinds, in 
the whitiſh Matter, that ſticks between the Teeth of Men, Nomen, 
and Children ; but eſpecially between the Grinders, although they waſh 
their Teeth frequently ; but from People that are more careleſs a Sort of 
Eels are found. The firſt Sort A, Fig. 174. move along very ſwiftly, in 
Spittle or Water without Bubbles. The ſecond Sort ſeen at B, Fig. 174. 
move in the Direction of the doted Line. The third Sort | 18 fron at E, and 
the fourth Sort at F. 

They all die if Vinegar be put to them ; from whore: it frems 3 
that if the Teeth and Gums be frequently waſhed with it, it may be a 
Means to preſerve them from theſe Creatures. 


CHA P. XXIX. 
Of the Snail. 


Tis flow paced ſlimy Animal hath many curious Obſervables. 

The firſt are its four Eyes, like atramentous Spots, fixed at the Ends 
of its Horns, or rather at the Ends of thoſe black Filaments, or optick 
| Nerves Þ that are ſheathed in its Horns, which it can thruſt out, draw in, 
turn, or direct as it finds Occaſion. If when the Horns are fully extend- 
ed, you nimbly clip off their Extremity, and place them before the Micro- 


Teen. Ex. & Cont, p. 40. Tom. IV. + Pow. Mi. 08. þ 36- Spedt. de la Nat. Dialo. XI. 
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ſcape, either upon the Object carrying Glaſs R, Fig. 2. or ftick the End of 


them with a little Turpentine to the Point, they may eafily be examined 


in the Univerſal! Microſcope, with all the Magnifiers, and will be found to 


he two Hemiſpberical Eyes, And when the Stump is re-extended, it will 
appear evidently hollow, or tubular to the naked Eye. 


Snails partake of the Nature of both Sexes, inſomuch that as ſoon as one 


has impregnated the other, the ſame Act of Generation is immediately re- 


turned; each of them, eighteen Days after theſe Approaches, drop and 


conceal their Eggs in the Earth; the Young of which, when hatched, ap- 
pear with Shells compleatly formed “. „„ 
If you would view the internal Fabrick of this Animal, the Microſcope 
will after a dextrous Diſſection diſcover to you the Heart, juſt againſt a 
round Hole near the Neck, which probably is the Place of Reſpiration, 
the Heart may be ſeen to beat near a Quarter of an Hour after Diſſection. 
Its Guts are green (from the Herbs it eats) and curiouſly branched over 
with fine capillary white Veins. This Creature, how contemprible ſoever 
it may ſeem, hath a compleat Sett of the ſame Parts and Organs with other 
Animals, as Heart, Liver, Spleen, Stomach, Guts, Veins and Arteries, 
If the Head be cut off, a little Stone will be found, ſaid to be of a diure- 
tick Quality, and of ſingular Service in gravelly Diſorders. 


They have a Mouth like a Hare or Rabbit, and Teeth as repreſented a 
Fig. 175. whereof ABC ſhew the upper Jaw, which is white and of a 


ſemicircular Form ; the lower black Part C DE, hath ſeveral prominent 
Parts or Teeth FF E, but all fixed together ſo as to compoſe the ſame 


Bone. Mr. Hook obſerved this very Snail (of which the Figure now before 


us is a Picture of its Teeth) to feed on the Leaves of a Roſe-tree, and to 
bite out half-round Bits of the Size and Shape of the Letter C. 


If a Snail be ſuffered to creep upon a Bit of Glaſs, you may by the naked 


Eye (but better if you apply the Hand-Glaſs of your Microſcope to view it 


through) obſerve a little cloudy Stream paſſing from its Tail to the Head, 


. that never returns the ſame Way ; and this as long as the Snail is in 
Motion. | 


CHAP. XXX. 
Of the Scales of Fiſhes. 


HE. outſide Coverings of Fiſhes are Scales, formed with inconceiva- 
ble Beauty and Regularity ; ſome longiſh, ſome round, ſome trian- 
gular, ſome ſquare, and ſome or other of all the Variety of Shapes imagin- 


* Nat. Delin. p. 148. f Pow. Ob. 5. 38. 
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able : Some again are armed with ſharp Prickles, as thoſe of the Perch, 
Soal, &c. others have ſmooth Edges, as the Cod-Fiſh, Carp, Tench, &c. 
There is likewiſe a great Variety even in the ſame Fiſh ; for the Scales ta- 
ken from the Belly, the Back, the Sides, the Head, and all the other Parts 
are very different from each other. 

The Scale of a Soal Fiſh is delineated, as it appear'd in the Microſcope, at 
Fig. 176. whereof C D E F repreſents that Part of the Scale which ſhews 
itſelf on the Outſide of the Fiſh, and A B C D, the Part which adheres to 
the Skin, being as it were furrowed, that it might hold the faſter, * each of 
which is terminated on the Outſide by pointed Spikes, and every other of 
theſe much longer than the interjacent ones. 

Mr. Leeuwenhoek ſuppoſes theſe Scales not to be ſhed during the whole 
Life of the Animal; but to have an annual Addition of a new Scale grow- 
ing over the old one, and extending every Way beyond its Edges, in Pro- 
portion to the Fiſhes Growth : Somewhat in the ſame Manner as the Wood 
of Trees enlarge yearly by the Addition of a new Circle next the Bark; 
and as the Age of a Tree may be known by its Number of Ringlets; ſo in 
Fiſhes the Number of Fe compoſing their Scales, denote to us their 
Age. 

To prepare Scales for the Microſcope, take them carefully off with a Pair 
of Nippers, and waſh them very clean, and place them in a ſmooth Paper, 
between the Leaves of a Book to make them dry and flat, and then place 
them in Sliders between the Talcs for Examination. 

The Eel, Snake, Viper, Lizard, Slow Worm, and the Eft, &c. afford a 
great Variety of Scales. The Deg- F fo Scales conſiſt of a great Number of 
horny Points, which appear in the Microſcope to be curiouſly ridged or carved, 


CHAP. -XXX1. 
Of Spiders. 


"—_ ERE are fo many different Sorts of Spiders, ad their Form ſo 

generally known, that a Deſcription of them in this Place, cannot be 
expected. I ſhall therefore proceed to deſcribe ſome of thoſe Particulars of 
this Creature, that are only to be diſcover'd with the Aſſiſtance of the Mi- 
croſcope. 

Some Spiders have ſix Eyes, others eight, others fewer, ad ſome more. 
They all ſeem to be Creatures of Prey, and to feed on other ſmall Inſects, 
but their Ways of catching them are very different. The Shepherd Spider 


* Hook's Myc. p. 162. + Leeuw. Epiſt. Phyſol. Epiſt. 24. Mai. 1716. 
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by running on his Prey; the Hunting Spider by leaping on it; other Sorts 
weave Nets, or Cobwebs, whereby they enſnare them. Nature having 
equipped them both with Materials and Tools, and taught them how to 
work and weave their Nets, and lie Perdue, and to watch diligently, and 
run on any Fly, as ſoon as ever entangled. 

Their Eyes are immoveable and tranſparent, but not pearl'd ; they are 
ſituated in a moſt curious Manner, and deſerve the ſtricteſt Examination. 

The Way to view them 1s to cut off the Legs and Tail, and bring only 
the Head Part before the Microſcope, upon the Glaſs R, of Fig. 2. or 
to ſtick them upon the Point l, or pinch them between the Nippers of the 
ſame Figure, and ſo apply them to the Microſcope. | 
They have all eight Legs, and two Arms, or ſhorter Legs near their 
Mouth, that aſſiſt in taking their Prey; they are beſet thickly with Hairs, 
have each fix Joints, and end with two hooked Claws, ſerrated, * or having 
| Teeth on their Inſide, whereby they cling faſt to any Thing; and may be 

often ſeen to hang down from the Branch of a Tree, on a Thread of their 
own making, aſſiſted by the Help of theſe Claws. 

Fig. 177. repreſents Part of the Leg of a Spider; B, C, D, ſhew the two 
extreme Claws armed with Teeth like Saws; E, the third that hath no Teeth. 
It is certain, that when the Spider does not wind itſelf by its Thread up- 
wards, but runs along its Web, it then takes hold of the ſpun Thread with 
this third Claw. This Spider had eight Eyes, two of which were on the 
Top of the Head, to fee what paſſes before him; below theſe two others, 
which look ſtrait forwards ; on each Side of the Head were two more, the 
two foremoſt to ſee collaterally before him, and the two hindmoſt to ſee 
backwards. 

Fig. 182. repreſents that Part of the Head, which contain'd the Eyes ſe- 
parated from the Membrane in which it lay. P Q, the Eyes that look up- 
wards, K L thoſe that look trait forward, I M thoſe that look ſideways 
forward, H N thoſe that look ſideways backward. They have no Eye-lids, 

but are fortified with a hard, poliſhed and tranſparent Cruſt : As theſe 
Eyes are immoveable, Nature hath indulged them with ſo large a Number, 
to give them Information of any Thing that any Ways concerns them. 
Every Spider is furniſhed with a Pair of Forceps, repreſented at A B, 
and C D, Fig. 183. in the fore-part of its Head. They ftand horizontally, 
and when not made Uſe of, they let the Claw of them fall down on their 
reſpective Branches, like a Knife claſped upon its Haft, as at C D, and 
there they lie between two Rows of Teeth, that are likewiſe employed to 
hold faſt its Prey. „ f 3 3 
Authors are divided in their Opinions on the Poiſon of Spiders, ſome 
calling theſe Forceps Stings; as Mr. Leeuwenhoek, who calls the hooked 


* Phil, . No. 272. 3 
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Claws AB and C D Stings; and ſays, that towards their Extremity at B 
and C are two ſmall Holes, from whence, according to all Appearance, 
when it ſtrikes its Enemy, it therefrom ejects a liquid Matter, we call 
Poifon. 

Ne put a Frog and a Spider criti | into a Glaſs, and having made the 
Spider ſting * the F rog divers Times, the Frog died in about an Hour's 
Time. 

Dr. Mead believes this to be a Miſtake, and that while the Spider bites, 
a ſhort white Proboſcis F is thruſt out from the Mouth, which inſtils a * 
into the Wound. 

They frequently caſt their Skins, which are to be found in Cobwebs, in 
which the Forceps may be examined, being always ſhed with the Skins, 
and eaſier ſeparated than when alive. They are commonly ſpread out to 
View, and by their Tranſparency, every minute Part is ſeen with much Di- 
ſtinctneſs. 

The Microſcope hath alſo informed us of the Manner how the 8 piders 
weave their Vebs, and of their Contexture, for the Performance of 1 
Nature hath endowed them with five little 7 eats, or Nipples, near the Ex- 
tremity of the Tail; whence a gloomy Liquor proceeds, which adheres to 
any Thing its preſſed againſt ||, and being drawn out, hardens inſtantly 
in the Air, and becomes a String or Thread ſtrong enough to bear five or 
{ix times the Weight of the Spider s Body; this Thread is compoſed of ſe- 
veral finer ones, that are drawn out ſeparately, but 5 unite together at two 
or three Hair's Breadth diſtant from the Body of the Spider. The Threads 
are finer or coarſer, according to the Size of the Spider that ſpins them. 
Fig. 178. repreſents a Part of the Threads, which came out of two of 
their Working Inſtruments, and were divided from each other, juſt as they 
iſſued from the Body; and RS TV, Fig. 179. repreſents one of the four outer- 
moſt Inſtruments or Nipples, with its Quills or Reeds, which put together, 
is not ſo large as a common Grain of Sand; from whence it is eaſy to con- 
ceive, how ſmall thoſe Inſtruments muſt be, and how fine the Threads 
encaſed within them : At W theſe working Inſtruments ſtood as thick i by 
each other, as they are repreſented between R and S. And that Part of 
the Figure, from the Sight, was not cover'd with thoſe Sort of Quills, but 
with Hairs only: It is alſo obſervable, that a few of theſe Inſtruments are 
bigger than the reſt, and conſequently produce a larger Thread. CF, 
Fig. 180. repreſents one of theſe between two others of the ſmaller Sort 
D E and A B, one of which had a wrinkled or harled Thread. 

Spiders emit their Eggs, not out of the hinder Part of their Body, as in 
all other Animals, but under that upper Part of the Belly, near the hind 
5 Legs, where grows a Kind of Hook, of a particular Figure, which partly 
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covers the Aperture, from whence the Eggs iſſue. Fig. 18 1. repreſents a 
Spider of an ordinary Size, with its Legs contracted, as if it was dead, in 
order to ſhew the above mention'd Aperture; and at D the Hook is ſeen. 
Fig. 184. G HI K ſhews the Hook ſeparated from the Spider's Body, 
as it appear d through the Microſcope; - between I and K are ſeen the 
Wrinkles or Folds, which Mr. Leeuwenhoek ſuppoſes are made to produce 
a more than ordinary Motion: E F ſhews the Part that join'd it to the Bo- 
dy, and between F and G are two round Balls. The Uſe of which he could 
not diſcover. | | | 
The Eggs of ſome Spiders are a good Object, being flattiſh at one End, 
and round at the other, with a Depreſſion at the Center of the flattiſh 
End, and a yellowiſh Circle round it; their Colour is a bluciſh white like 
counterfeited * Pearl; when they hatch, the little Spiders come out perfect- 
ly form'd, and very nimble. They depoſite their Eggs to the amount of 
five or ſix hundred, in a Bag ſtrongly compos'd of their own Web, 
which the Spider either carries under her Belly, and guards with the great- 
eſt Care, or elſe hides it in ſome ſafe Receſs. When juſt hatched, the 
young Spiders make an entertaining Object for the Microſcope. 5 
The Current of the Blood may be ſeen in the Legs and Body of Spiders, 
as has been before hinted ; many other Wonders will be diſcover'd by the 
Curious in the Diſſection and Examination of their ſeveral Parte. 
The Carter, Shepherd, Field, or Long-legged Spider, is different from 
moſt other Spiders in two Particulars, the firſt, which is only diſcoverable 
by the Microſcope, is the curious Contrivance of its Eyes; it has only two, 
and thoſe placed upon the Top of a ſmall Pillar, riſing perpendicularly out 
of the Middle of its Back, or rather the Crown of its Head. + The two 
Eyes, B B, Fig. 185. were placed Back to Back, with the tranſparent Parts 
or Pupils more protuberant than the reſt of the circumambient Matter, 
looking towards either Side, but ſomething more forward than backwards. 
C, Fig. 187. ſhews the Column on which they ſtood, and DD the Crown of 
the Head. IS . 
The ſecond Peculiarity is the prodigious Length of its Legs, which are 
eight in Number, in Proportion to its ſmall round Body. Each Leg of this, 
of which the Figures 185, and 186, are a Repreſentation, was above 16 
times the whole Length of its Body; they are jointed juſt like thoſe of a 
Crab; each of which proceeds from a ſmall ſhell-like Caſe, of a conical 
Figure, as at ITII, Sc. of Fig. 186. which repreſents the under Part of 
its Belly, theſe are faſtned on to the protuberant Body of the Infect, form- 
ing a Kind of blunt Cone, whofe Apex is at M, about which the ſmaller 
Cones of the Legs are placed, each of them reaching almoſt to the Top, 
in ſo admirable a Manner, as does not a little manifeſt rhe Wiſdom of 


#* Pow. Mycr. Ob. p. 15. + Hook's Mycr. p. 198. | Pow. Myc. Ob. þ. 14. | 
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Nature's Alm'ghty Architect, in the Contrivance thereof, It has two fore 
Claws K K tip ped with Black like a Crab's, which open and ſhut exactly 
like thoſe in a Scorpion, and are Saw-like or indented on the Inſide, Its 
Horns are ſeen at A A and Mouth at L. 

The beſt Way to obſerve this Spider is to cut off all its Legs, and place 
it before the Microſcope upon the Object carrying Glaſs R, of Fig. 2, or 
upon the black and white Object-Plate. 

The little white F7e/d-Spider with ſhort Legs, found plentifully among new 


Hay, whoſe Body appears like white Amber, emboſſed with black Knobs, out 


of each whereof grow Prickles like Whinpricks, ſome have ſix, ſome eight 
Eyes, that may be diſtinctly ſeen, quick and lively; each Eye has a violet 
blue Pupil, * clear, and admirably ſurrounded by a pale yellow Circle. 
The wandring or hunting Spider, who ſpins no Web, but runs and 
leaps by Fits, has two Tufts of Feathers fixt to its fore Paws, which, to- 
octher with the great Variety of Colouring all over this Animal, affords a 


There is a red Mite or Louſe often found feeding upon Spiders, in Shape 


much like a Tortoiſe, r with a little Head, and fix long but ſmall Legs; 


and about the Legs of the Field-Spider they cling exceeding cloſe whilſt 
the Animal is alive, but when dead they all fall off and creep away. 

Mr. Bon hath made ſeveral Pair of Stockings and Gloves, from a Silk + 
wound off from the Egg Bags of ſhort legged Spiders. 


CHAP. mol 
Of the Sting and Scraper of a Bee. 


Ms the Contrivance and Structure of the Stings of moſt Inſects are 
nearly alike, they will be ſufficiently underſtood by a Deſcription of 


that of a Bee, as diſcovered by the Microſcope. 


A Bee's Sting is a horny Sheath or Scabbard, that includes two bearded 
Darts; this Sheath ends in a Point, near the Extremity whereof a Slit 


opens, through which at the Time of ſtinging, two bearded Darts are pro- 


truded beyond the End of the Sheath, one whereof being a little longer 


than the other, fixes its Beard firſt, but the other immediately after; they 


penetrate alternately deeper and deeper, taking hold of the Fleſh with their 
Hooks till the whole Sting becomes buried in the Wound, and then a ve- 
nemous Juice is injected through the ſame Sheath, from a little Bag at the 
Root of the Sting, which occaſions an acute Pain, and a Swelling of the 
Part continues ſometimes for ſeveral Days after. This is beſt prevented by 
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enlarging the Wound immediately to give it ſome Diſcharge, and anoint- 
ing it with a little common Oil. 

ABC, Fig. 188. repreſents the Sheath or Caſe, out of which the two 
Stings or rather Spears are protruded. * E the Cavity, in which they lie. 
C the Thickneſs of the Caſe below ; and about C, A, the two Spears ſhew 
themſelves each in a ſeparate Place, Fig. 189, ſhews Part of the Sting 
taken out of the Sheath, K its Edge or bearded Part, L its Back without 
Beards. MN, Fig. 190, repreſents the whole Sting taken out of the Sheath © 
with its Back that is without Beards next the Eye; the upper Part M O is in- 
cloſed round about and hollow within, the lower Part O P open; PN ſhews 
Part of the broken Nerve, QR is Part of the Body faſten'd to the Sting, 
and placed in the thicker Part of the Caſe D CA, Fig. 188. A BC, Fig. 
191, repreſents both the Darts as they lie together cloſe againſt the Sheath || ; 
yet one of them with irs Point a little before that of the other, to be ready 
(as I conceive) to be darted into the Fleſh, And Fig. 192 ſhews both the 
Darts in part out of the Sheath; and one a little higher than the other, 
as if it were at work. „ 

Fig. 193, repreſents one of the two Arms wherewith Mr. Leeuwenboek 
thinks the Bee makes her Honey-Combs, and are furniſh'd with three pe- 
culiar Joints as at D, A, B. Fig. 194, is one of the Scrapers placed on the 
fore Part of the Head, by which ſhe ſcrapes the Wax from Flowers. Fig. 
195, is the Wiper placed forward on the Head, and with it ſhe wipes the 
Honey off the Flowers; all which Inſtruments when the Bee hath done 
working are ſkilfully ſheathed under her Head. Fig. 196 repreſents the 
Scraper of a wild Bee. 

When the Darts are ſtruck deep in the Fleſh, if the wounded Perſon 
ſtarts before the Bee can diſengage them, ſhe leaves her Sting behind in the 
Wound; but if he has Patience to wait until ſhe' withdraws the Spears into 
their Scabbard, the Wound becomes much leſs painful. 

If you divide a Bee, eſpecially an Humble Bee, & near the Neck, you will 
ſee the Heart beat moſt lively, which is a white pulſing Particle. 
Within the yellow Pluſb or Fur of humble Bees you may frequently find 
a ſmall whitiſh very nimble Animal, ** not much unlike the Shape and 
Form of a Cheeſe Mite. 85 0 | EY 

The Way to view a Bee's Sting with the Microſcope, is to cut off the 
End of its Tail, and then touching it with a Pin or Needle, it will thruſt out 
the Sting and Darts, which may be ſnipt off with a Pair of Sciſſars and 
kept for Obſervation ; or if you catch a Bee in a Leather Glove, its Sting 
will be left therein, being unable to diſengage its Hooks from Leather : 
And when it is quite dead, which it will not be till after ſeveral Hours, 


Arc. Nat. Tom. III. Ep. 133. Phi. Tran. No. 97. || Derham Ph. Theo. p. 240. 
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you may quite extract it with its Darts and Hooks; by ſqueezing the Tail, 
pulling out the Sting“, and preſſing it at the Bottom, you may likewiſe 
puſh up the Darts; but without ſome Practice this will be a little difficult. 
The poiſonous Juice may eaſily be found in the Bag which contains it 
and by letting the Bee ſtrike its Sting upon ſome hard Body, enough of 


the ſaid Juice may be obtained to put upon a Slip of Glaſs, in order to view 


the Salts floating therein at firſt, and afterwards ſhooting into Cryſtals ; or 
if you gently ſqueeze its Tail, you may perceive a Drop of this diaphanous 
Liquor at the very End of the Sting, which it wiped off will be imme- 
diately renew'd. N N 
The Stings of Scorpions may be examined in the like Manner. 
The Poiſon of Vipers has alſo been viewed by the Microſcope, but for 


a Deſcription of this I ſhall refer the Reader to Dr. Mead's Eſſay on 
Poiſons. | | 
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CHAP. XXII. 
O  Animalcula in Fluids. 
S E e T. I. 


FT HE Microſcope hath diſcovered to us that the ſmalleſt of all living 
1 Creatures, we have been able to trace, are the Animalcula in Fluids, 
which would for ever have remained inviſible, had it not been for the Aſſiſt- 
ance of that Inſtrument. | 

If Pepper, Paſte, Vinegar, Hay, Straw, Graſs, Oats, &c. or any other ve- 
getable Production be infuſed a few Days in Water, expoſed all that Time 
to the open Air; they will abound with inexpreſſible Numbers of minute 
living Creatures peculiar to themſelves, but of various Forms and Sizes. 

Whereof ſeveral of the ſame Species of Animalcula, are frequently to be 
met with in different Infuſions, and even in Waters, that have been ex- 
poſed, eſpecially in September, without any Mixture; ſuch have been fre- 
quently found therein, as are found in the Cavity of a Cabbage leaf, or on 
the Dipſacus, | &c. and that certainly ſeveral of theſe are the ſame Animals 


under different Forms, ſuch a regular Proceſs being obſerved in them, and 


conſtant Uniformity in their Appearance, makes it probable that moſt of 


them are produced from the Spawn of ſome inviſible volatile Parents, and 


generated like Gnats and ſeveral other Sorts of Flies, which are bred and 
undergo ſeveral Changes in the Water before they take Wing; that ſome 
of them originally may be Water Inſects, or really Fiſh, ſmall enough to 


* Pozo. Mi. Ob. p. 4. + Ph. Tran. No. 284. 5 
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to grow and breed in Water that is kept. 
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be raiſed in Spawn with the Vapours, and to fall down again in Rain, and 

It has been thought that theſe minute Flies, which hover every Way in 
the Air, when they find a Fluid ſtored with a convenient Nouriſhment for 
their future Offspring, reſort to it in Swarms to lay their Eggs, which be- 
ing ſoon hatched, the Animalcula produced therefrom ſwim about, and 
live happily, till grown to a certain Size, change their Forms, take Wing 
and fly away. 


If the Infuſion 1s covered only with a fine Lawn or Muſlin, few Animal- 


cules will be found there in; but if it ſtands open it will be full of Life in a 


few Days: In the leaſt Drop taken from the Surface of ſuch Infuſion, the 
Microſcope will diſcover Millions of living Creatures. | 


. 


Of Els, * or little vorm: lite Animalcula, 


ound in Vinegar and Paſte. 


1 F Vinegar be expoſed to the open Air but a few Days in hot Weather, 
it will abound with Eel. lite Animalcula, repreſented by Fig. 197, two 
of which are ſeen at A, making equal Undulations, ſometimes four or five 
are ſeen to move in the ſame Manner; at B, B, B, B, are ſhewn four others 
differently coiled, they coil and uncoil themſelves with a ſurpriſing Swiftneſs, 


at C is a Repreſentation of one with a forked Tail. Monfieur Foblot ſaw 


but one of theſe in 36 Years Obſervation : However, the ſolar Microſcope 
ſeldom fails of diſcovering ſome of them every Obſervation. That marked 
D, although its Mouth ſeems different from the reſt, is not fo, but owing to 
its not being repreſented in the ſame Poſition. They are to be applied to 
the Univerſal Microſcope, by taking up a Drop of the Vinegar on a Pin's 


Head, and placing it upon the Object carrying Glaſs R, Fig. 2. When 
this Drop begins to evaporate, their Motion will be conſiderably retarded, 


at which Time their Mouths may be ſeen, and many other Particulars may 
be obſerved in them. „ gs 105 

Some People have imagined, that the Sharpneſs of the Vinegar, is occa- 
ſioned by the Eels ſtriking their pointed Tails againſt the Tongue and Palate ; 
but it is very certain that the ſoureſt Vinegar hath none of thoſe Eels, and 
that its Pungency is intirely owing to the pointed Figure of its Salts, which 
float therein. ; | 

Animalcula in the Shape of Eels are often found in many Infuſions but of 


a different Size. x 


Joblott's Ob. p. 2. Imprimt & Paris. 1718. | 
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Dr. Powers obſerves, that if Vinegar, in which theſe Eels abound, be 
but moderately heated *, they will all die, and fink to the Bottom. But 
Cold does not hurt them, for after ſuch Vinegar had been expos'd a whole 
Night to the ſevereſt Froſt, and was frozen and thawed, and frozen again, 
and ſo ſeveral Times over, they were as briſk as ever: He alſo tells us, 
that he put ſome Vinegar full of theſe Eels into an Eſſence Glaſs, and pour- 
ed thereon about the tame Quantity of Oil, which floating on the Vinegar, 
all the Eels would conſtantly creep up into the Oil, when the Yinegar began 
to freeze, but when it thawed, they as conſtantly returned to it again. 

To furniſh yourſelf with minute Eels, always ready for the Microſcope, 
boil a little Flour and Water, till it comes to the Conſiſtence of ſuch Paſte, 
as the Bookbinders and Shoemakers uſe; expoſe it to the Air in an open 
Veſſel, and to prevent its hardening, or becoming mouldy on the Surface, 
beat it well together whenever you find it tends that Way ; after a few 
Days it will turn ſour, and then if it be examined with Attention, you will 
find Thouſands of thoſe Eels on the Surface thereof, To preſerve them all 
the Year, you need only put a little Water to them, if the Paſte grows dry, 
or a Supply of other Paſte, always obſerving to keep the Surface in a right 
Condition, which will be eaſily done when it is once ſtored with theſe Ani- 
malcula. Their continual Motion will prevent any Mouldineſs thereon. 

Apply them to the Microſcope upon the Object carrying Glas R, 
Fig. 2. firſt putting on it a Drop of Water, taken up upon the Head of 
a'Pin, for them to ſwim in, and if the Paſte be thick, it muſt be diluted 
with a ſufficient Quantity of Water to diſentangle the Eels, and render them 
diſtinctly viſible. 7 | 

They are very entertaining Objects, but more particularly ſo if examined 
by the folar Microſcope, with which they may be magnified to an Inch or 

more in Diameter, The internal Motion of their Bowels may be very 
plainly ſeen, and their Mouths to open to a conſiderable Width, 


r 

Of Animalcula in ſeveral cold Infuſions of whole 

B D, K, H, O, R, L, Fig. 198. exhibits the firſt Sort of them, each 
having ſeveral little Spots more tranſparent than the reſt of their Body. 


The Regularity of the Figure, under which theſe Animalcula generally ap- 
pear, and the Rapidity of their Motion, prevents us from diſcovering on 


* Pow, My. Ob. þ. 34. = 
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what Part of their Body their Head is placed, but after a little Time we are 
enabled to do it, altho* they continue in Motion; for when the Drop of 
Water in which they ſwim, is grown thick by the inſenſible Evaporation 
of its ſubtle Parts, it gradually retards the Motion of theſe minute Fiſh ; 
and affords us ſufficient Time to obſerve many Things, that will teach us 
to admire the Creator's Wiſdom, even in the ſmalleſt Part of theſe minute 
Creatures. $5, „ 

Jou may then perceive that as two of theſe Animalcula are advancing 
forward, one moving along the Line from A to B, and the other from C 
to D, in turning about the firſt follows the dotted Line B E, and the ſe- 
cond moves from D to F. | 

You may alſo frequently ſee that of two of theſe Auimalcula, one of them 
will run as it were along the Line G H, and the other over thatof I K, 
leaving a ſmall Space between them, yet too little for a third L, to find a Paſ- 
ſage, which thus incloſed between them, ruſhes forwards to ſave himſelf in 
the Direction of the dotted Arch towards M. Others after having moved 
along a ſtrait Line, as H G to O, turn about ſo ſwift upon a Point at O, 
which is their Head, that their oval Figure appears almoſt circular, after 
which they launch out with an extremely ſwift Motion towards P. Others 
alſo having run along a Line as QR, and as it were turning upon their o.] 
Center at R, deſcribe ſeveral Circles, then ſhoot forwards with an extraor- 
dinary Swiftneſs along the Line ST. OY | 

Fig. 199. repreſents another Sort of. Animalcula, whoſe Head is adorned 
with Hairs, and Motion generally circular, called Copple Crown *. A third 
Sort repreſented at Fig. 200. called a ſilver Bag-pipe T. A fourth Sort is 
a Kind of Water Spider, with its Mouth open, as at Fig. 201. Two of 
them are repreſented at Fig. 202. conjoined and turning upon their com- 
mon Center. Fig. 203. ſhews two more of them alſo coupled as they ſwim 
in a ſtrait Line. Another Sort is repreſented at Fig. 204. in fome Meaſure 
reſembling a Weaver's Shuttle ; its hinder Part is tufted with Hairs, which 
aſſiſt him in ſwimming. Fig. 205. exhibits a Swarm of exceedingly mi- 

nute Inſects of different Sizes and Shapes, which ſerve for Nouriſhment to 
the larger Sorts. SM 5 


* Tobl. Ob. p. 14. 5 ter | 
+ Theſe Names were given to the Auimalcula of the ſeveral Infuſions, by Monſ. Jof, 
who endeavour'd to call them after the common Names of Things and Animals, to which 

theſe Animalcula bore ſome Reſemblance. | 8 | 
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S n e r. IV. 
Of White Pepper. 


Niuſions made of whole white Pepper, produce finer Animalcula than the 
foregoing, but not in ſo ſhort a Time. The large Bag-pipe of this In- 
fuſion advances and recedes by Turns, as it ſwims before the Microſcope ; 
and juſt before the Water is totally dried. a great Number of Eggs may be 
{cen within them, and in the next Moment they will be all ried up, and 
appear like a confuſed Mais. 


s E c r. V. 
Of Long Pepper. 


2 Pepper put DNR into common Water, produces Animalcula no 


leſs furprizing than the two foregoing ; in this is ſometimes found an 
Animalcule ſome what like a Caterpillar; and a different Sort of Eels, _ 
thoſe found in Vinegar and Pape, being thicker and ſhorter than they, but 
do not live near ſo long. 
On repeating theſe Experiments at different Seaſons in the Year, and 
in different Years, other Sorts will be found not here repreſented. 
Take common black Pepper grofly pounded, and pur it into a Glaſs Veſ- 


ſel, as much as will cover the Bottom thereof, about half an Inch thick, on 


which pour about three or four Times that Depth of Rain or River-Water, 


ſhake and ftir the Pepper and Water well together at firſt, but afterwards 


not at all, and expoſe the Veſſel to the Air uncover'd ; in a few Days a 
little Skin may be ſeen on the Surface of the Water, which, examined by 
the Microſcope, will be found to contain Millions of Auimalcula, at firſt 


ſcarce diſcernable, but continually increaſing in Bulk, till they arrive at 
their full Size. Their Numbers too increaſe prodigioufly, till at laſt the 


whole Surface of the Fluid ſeems alive. 
This Experiment will fucceed in Winter, if the Water is not frozen. 
The Animalcula repreſented by Fig. 206. are very common, and are de- 
{ſcribed by Mr. Leeuwenhoek, who hath ſeen the Tails of ſome of them 9g or 


10 times longer than their Bodies, * which are about one Third of an Hair's 


Breadth, but in general they are 4 or 5 times as long, In moving they 


* Phil. Tranſ. No. 284. 
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commonly twitch up their Tail into a ſcrew- like Form, as at b, Fig. 206. 
and this Spring is ſo ſtrong, that when the Tail is entangled, as it frequent- 
ly is by the Extremity, they bring back their whole Bodies by the Jerk and 
Convolution of the Tail, which quickly returns to its firſt Straitneſs. When 
they lie ſtill, they thruſt out and pull back again a bearded Tongue, and a 
Current conſtantly runs towards them, occaſioned probably by the Motions 
of ſome Fins or Legs too fine to be diſcerned. 

Thoſe Auimalcula exhibited by Fig. 207. abound in all Waters, and are 
largeſt of all; their Length is about an Hair's Breadth, and three or four 
Times more than their own *, they are very thin and tranſparent, and turn 
themſelves very quick, ſhewing both Back and Belly, their Edges are a- 
dorn'd with a great Number of minute Feet, ſeen chiefly at the two Ex- 

tremities; at one End there is a Kind of Bruſh reſembling a Tail; they are 
ſwift in Motion, and by their Turns, Returns, and ſudden Stops, ſeem to 
be continually hunting for Prey. a repreſents one of them on irs Back ; b 
one on its Belly; at c and d, is ſeen how they often appear in other Poſitions. 

There 1s generally another Sort of an oval Shape, as at Fig. 208. a b c, 
lengthening and ſhortening themſelves as Occaſion requires, and ſome- 
times t» of them may be ſeen conjomed, as at Aa. 4 | 

Another Sort are a Kind of capillary Eels, they wave their Bodies but 
_—_ move equably and flow, and ſwim as well backwards as forwards. 


zee Fig. 209. 

Kinds of Mixtures put amongſt them, while 
the Microſcnne, produce different Effects. The ſmalleſt Drop of Spirit of 
Vuriol, upon the Point of a Pin, being put to them, they immediately 
tumble down dead; diſſolved Salts kill them, but with this Difference, in- 
ftead of being flat as in the former Cafe, they ſhrink into oval Forms. 
Tincture of Salt of Tartar throws them into convulſive Motions, after 
which they foon grow languid and die, without changing their Shape. 
Ink kills chem, and ſo does freſh Bloed, Urine, Spittle, and diſſolved 


they are before 


- Sugar f. 


There is alfo another Sort of Animalcule, frequently found in this Infu- 
ſion, of a ſpherical Figure, only pointed like a Pear, as at Fig. 210. in 
which are a vaſt Number of dark Spots, in a confuſed Agitation, they 
chiefly turn as it were upon a Center, firſt one Way, and then the contrary, 
ſometimes they take a large Circuit, but always with their pointed End 
foremoſt. | 

Another Sort repreſented at Fig. 211. is alſo found in great Numbers, 
they move briſkly, are very active, contracting, and dilating as they ſwim 
along, they have ſeveral Feet in their fore Parts very viſible z when the 
Drop of Water is almoſt evaporated, they ſhrink up into a globular Form, 


* Phil. Traꝝſ. No. 284, Þ+ Tbid. No. 203. 
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then their Feet ſtanding out, may be ſeen to move nimbly, a, ſhews them 


at their Length, and b when contracted, 

Fig. 212. repreſents another Auimalculum, not uncommon amongſt the 
reſt; its Motion very nimble, always keeping its ſharp Extremity foremoſt; 
ſome are clear and ribb*d from the Point to the thick Extremity, others 


tranſparent only at the fore Part, as at a and b. 


The Water which drains from Dunghills, and is of a brown Colour, is ge- 


nerally ſo prodigiouſly ſtored with various Sorts of Animalcula, that it muſt 


be diluted with Water before they can be ſufficiently ſeparated, to diſtinguiſſi 
their different Kinds; one particular Sort is found amongſt theſe, which is 


very rarely to be met with elſewhere, and are ſhewn at Fig. 213. their 


middle Part dark, and befet with Hairs, but both Ends tranſparent, their 
Tails tapering with a long Sprig at the Extremity thereof, their Motion 
flow and wadling. - 


Sz e T. VI. 
Of Animalcula in a cold Infuſian of Senna. 


Bout the Middle of Fuly, as much as could be taken up with two or 

three Fingers of the Leaves, Stalks, and Branches of Senna, was put 
into cold Water, and in about eight Days, the Surface thereof was ſtored 
with extremely minute longiſh Bodies, ſeparate from each other, but with- 
out Motion. The Corpuſcles repreſented at Fig. 214. were thought to be 
nothing elſe but Pieces of the Bark from the Branches of the Senna; but 
in about eight Days after, they all diſappear'd, and a ſurprizing Number 
of worm-like Animalcula ſucceeded them, but leſs than the firſt, being 
alive, and ſwimming a little below the Surface of the Water ; one of thefe 
Worms is ſeen at Fig. 215. Its Head round at I, its Body compos'd of 
eleven Ringlets, the loweſt Extremity of which ends ſometimes in a Plain 
perpendicular to its Body. At other Times with three round Protuberances, 
as at M. | Fn 

Through the Skin there appears a very white Fibre, branching as it were 
from each Side of the Tail, in a ſtrait Line towards the Head, where they 
unite in an Arch, as at N, Fig. 216. This Fibre extends and contracts 
itſelf alternately, by which Means the Ringlets are drawn nearer to, or 
puſhed farther from each other ; Part of the Water being evaporated by 


its ſtanding ſeveral Days. A little freſh Water was poured thereon, which 


cauſed the Skin that ſwam on the Surface of the Infuſion to ſink to the 
Bottom of the Veſſel; the Infuſion was thereby refined, and more tranſpa- 


rent than it was before, which occaſioned the Diſcovery of two new Sorts 


of Animalcula, and this in the leaſt Drop that could be applied to the Mi- 
| 7 croſcope, 
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croſtuope, D, and E F, Fig. 217. are their Repreſentatives, The largeſt 
of them reſembles the Silver Bag- pipe, each having crooked Heads, as at F; 
they have alſo two Motions, one ſtrait, and the other circular, flow enough 
to be eaſily obferved. | 
Another Kind of fiſh-like Animalcula reſembling a Carp, is ſhewn at Fig. 
218, its Motiorr was wrigling as the dotted Line a bed. | 
In January a great Number of another Sort were found in this Infuſion 
of Senna, which ballance themſelves from Right to Left as they ſwim di- 
rely forwards. Another Time, after repleniſning the Water, other mi- 
nute Animalcules that do not ballance ' themſelves were found therein, and 
the ſame Day others alſo ſo exceeding ſmall that their Form could not be 
diſcerned. A few Days after another Sort fhaped like Fig. 219, its Head 
terminated almoſt in a Point. After this Infuſion had ſtood a whole Year, 
another worm-like Animalcule was found therein, repreſented at Fig. 220, 
whereof A was its Mouth, which was round; from whence iſſued three 
Fibres to its forked Tail BB, two other Sorts, as repreſented by K I. 
Fig. 221, were alſo ſeen in this Infuſion. 


SK e r. . 
Of the Water found in Oyſters. 


; A Dozen of Oyſters being opened, all their Liquor was put into a clean 

drinking Glaſs, which in the Space of two Hours appeared to be 
upon the Fret, and of a fine Pearl Colour, and its Smell like that of the 
Sea; on applying ſome of this Liquor to the Microſcope after it had ſtood 
four Days, a great Number of minute tranſparent Oyſters in rapid Motion 
were obſerved therein. a be d, Fig. 222, repreſents one of them, of which 
a is the Head, their Shape altered as they placed themſelves in different 
Poſitions before the Eye, their Motion was ſometimes direct, at others cir- 
cular. The fifth and ſixth Day ſome of them feemed to be dead ; bur, on 
continuing to obſerve them, were afterwards found to move with a prodigious 
Swiftneſs, one going one Way, another the contrary, often rubbing and 


ſtopping againſt each other; then being diſturbed by others ruſhing ſtrong- 


ly againſt them, altered the State of their Rencounter, and directed them- | 
ſelves to another Place; they ſtretch out and fhorten themſelves conſider- 
ably, and are often ſeen coupled as at a and c, Fig. 223, and Fig. 224. 
Moving together from a towards b, and from c towards d, they turn much 
flower than thoſe in Pepper-Water, and perform their circular Motion 
much as they do, turning ſometimes on their own Center, and ſometimes 


* 7obl. Obſerve. p. 20 
| On 
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on a Point near the Extremity of their Head. This Liquor being obſerved 
near eight Days, no other Animals than thoſe of the ſame Figure could be 
found therein. | 
In Freth Oyſter Liquor diluted with common Water, were found Ani- 
malcules with two moving Horns in each of their Heads, which formed a 
kind of Creſcent as at e, in others as at d, Fig. 225, but the Horns are 
ſo tranſparent, that they muſt be viewed attentively, and that for ſome 
Time before they can be diſcovered. | 

On putting the Liquor of fix or ſeven Oyſters into a Glaſs Veſſel one Day 


at Noon, the next Day at Seven a Quantity of theſe minute Oyſters were 


found ſwimming therein, although the Veſſel was ſtopped : Whence it 
ſeems not improbable, bur that theſe Animals were produced from the Eggs 
of the Oyſters themſelves, and that they do not proceed from other Ani- 
mals that either fly or float in the Air. Six Days after two different Sorts 
of new Auimalcula appeared in the fame Liquor; the firit are repreſented 
at Fig. 226, it ſtretches itſelf out and ſhortens itſelf alternately. The ſecond 
Sort is ſeen at Fig. 227, which moved fo flow that the following Particu- 
lars were obſerved ; it had four ſhort Legs near its Head, and five longer 
behind. In the fame Liquer was alſo found another Sort repreſented 


at 228. 


In other freſh Oyſter Liquor were alſo found different Animalcules, as 


repreſented at i, 1, m, n, o, p, q, Fig. 229. m exhibits a Worm with a 
| ſharp Head and round Tail. Thoſe at n and o ſhew two of the ſame Worms 


joined together, the ſtrongeſt dragging along the weakeſt. At p is ken 
one of another Figure, and at q are two ſmaller, holding each other by the 
Beak and ſwimming in Company. 


Sz cr. VIII. 


Of an Infuſion of Pins made in common Wat 


both cold and hot. 5 


OME Pinks not quite blown being ſteeped in cold Water, produced 
living Animalcules, which upon Examination with the Microſcope were 


found to be of the Shape repreſented by Fig. 230. On the ſixth Day ap- 


peared a larger Sort, but fewer, being very tranſparent, and ſtrewed with 
little Spots, Fig. 231. The eighth Day the larger Sort appeared finer and 


longer than before, and moved after a different Manner; in fifteen Days 


the Surface of the Liquor was covered with little white Worms, fomewhat 
below which was a prodigious Number of minute Animalcules. The 28th 
Day a large Worm ſhewed itſelf under the Form of Fig. 232. The 48th 
ſome Eels, like thoſe in Vinegar. The goth Day a little white Worm 2 

en 
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taken upon the Surface of this Water, “ its Body fo tranſparent, that ſeveral 
little white Fibres were diſcovered therein, the two middlemoſt of which 
being a httle ſeparated, and proceeding from the Extremity of the Body, 
run parallel to each other, and are united by an Arch near the Head: It 
hath two black Eyes, and two Hooks in the fore Part of its Head, as re- 
preſented at Fig. 233. At G of the ſame Fig. is ſcen another of a curious 
Form, found alſo in this Infuſion. | : 

Some Pinks being infuſed in boiling Water, which in eleven Days Time 
ſwarmed with Animalcules, but very ſmall, and on the 15th Day were not 
to be found, only ſome Worms might be ſeen on the Surface thereof with 
the naked Eye. h 


S n e r. BD 


Of a cold Infuſion made of a Noſegay, compoſed o 
CO Pit, Roſes and Jeſſamin. Sethe 


FT HIS Infuſion was made the 11th of May, and the Noſægay cut into 
Pieces for the better placing it in the Veſſel, and in about three or four 
Days a great Number of minute Animalcules, and ſome larger ones, were 
found therein; their Figures, Colour and Motions are ſo various, that it 
would be a Taſk too long to undertake a Deſcription thereof. Neverthe- 
leſs I cannot paſs over in Silence, an Animalcule that was found in this Li- 
quor on the Beginning of September. It conſiſted of three diſtinct Parts, 
Fig. 234. The firſt Part A is its Head, which advances and retires by 
Jerks. B, the Trunk of its Body, and C its Tail, it is of a tranſparent 
White, and often draws its Tail in, at the End of which are two black 
Hairs DD. | 


"FRET © 
Of an Infuſion of Blue-Bottles. 


HE Stalks of a large Noſegay of Blue-boitles with ſome of the Flow- 
ers, were put into cold Water on the ſecond Day of June, and at the 
fame Time ſome of the Flowers by themſelves were put into a Glaſs of 
Water ; in 12 Hours Time the Microſcope diſcovered ſeveral Animalcules 
of the Form of Fig. 235, in a ſmall Drop of this Liquor. And the next 
Evening four other Sorts, very tranſparent, of an oval Figure, unequal in 


* 7obl. Obſerw. p. 28. 


Size, 
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Size, and different in their Motion. The 5th of the ſame Month, another Sort 
of the Shape of Fig. 236. appear'd therein ; and on the Sixth a new Sort, 
A BC, Fig. 237. with an oval Head, and a Tail, which terminated in a 
Point, being five or ſix times longer than its Body. On the ſeventh Day, 
one of theſe laſt was obſerved to drag after it a Bunch of the Sediment of 
the Infuſion, which ſunk to the Bottom of the Concave, upon which the 
Drop of Liquor was placed for Obſervation. It is very pleaſant to behold 
ſo ſmall an Animal endeavouring to pull this Bunch about, which he is 
ſcarce able to move, as at I, drawing himſelf back, and wriggling its Tail, 
as at M. Sometimes five or ſix of theſe Animalcules may be ſeen faſtened 
by the Tail, to a great Bunch of this Sediment, that ſticks to the Bottom 
of the Object carrying Glaſs, drawing themſelves nearer to, and retiring 
farther from it by Turns. During this Exerciſe, they change their firſt Fi- 
gure, and recover it again alternately ; and as their Tail is naturally ſtrait, 
as at I, they endeavour to drag the Lump after them in a right Line. 

It is remarkable, that extremely hot Weather kills them, and in five or 
ſix Days they are ſucceeded by others. 8 | | 
We have no Reaſon to doubt, but theſe minute Animalcules are furniſhed 
with Eyes, for two of the ſame Figure are often ſeen to approach each 
other without touching, and then turning with a prodigious Swiftneſs about 
their own Center. | 5 5 

Another Sort is ſometimes found in this Infuſion, whoſe Extremities are 
terminated by two plane Surfaces, parallel to each other, as at Fig. 238. 


„ 
An Infuſion of Tea. 


Aving put into the Tea-Pot, as much Fea, and a ſufficient Quan- 

tity of boiling Water, as would make fix large Cups, on the 15th 

of 7uly ; the Tea- Leaves which remain'd after the hot Infuſion, were put 
into a large Glaſs Jar, filled with Spring-Water, and expoſed to the open 
Air for about ten Days ; after which, in the leaft Drop that could be taken 
up, when applied to the Microſcope, were found a Swarm * of exceedingly 
minute Animalcules, of a round Figure, moving ſlowly. Some Days after 
they were fewer in Number, but increas'd in Size, clearer, much more di- 
ſtint, and of an oval Figure, as at Fig. 239. the Circumference of their 
Body appear'd black, but all the reſt perfectly white and tranſparent, and 
now ſwam with a ſurprizing Swiftneſs. Their Bodies were of ſo delicate 


* Job. Obſer. p. 34. 1 
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a Conſiſtence, as that their natural Figure was preſerved for the Space of 
two or three Minutes after they were dead. 

The 23d of September, three other Sorts of more minute Animalcule; 
were found in this Liquor, and ſome of the Eel-Kind allo. 


„ | 
An Infuſwn of Rasberry Stalks. 


"HIS Infuſion is one of them which does not cauſe a diſagreeable 
Smell, nevertheleſs it produces in about 24 Hours Time, the fineſt * 
Animalcules that are to be met with in Fluids, and in as great Numbers. 
Their Repreſentation is at o o, Fig. 240. they are at firſt very white and 
tranſparent, but more ſo in ſome Places than in others, with little Marks 
upon them, and at length this Whiteneſs changes into a tranſparent yellow 
Colour. They may be ſeen ſtretching out, and ſhortening themſelves from 
oval to round, by Means of Ooſtacles, which they find in their Way. 
They are often ſeen to hold each other by the Beak, and in that Poſture 
they move exceeding faſt, without quitting their Hold, as at P. Another 
Sort of Animalcule was found in this Infuſion, of the Shape repreſented 
at Q; between the Middle of its Body, and the Head, was a tranſparent 
Subſtance, regularly beating, but fo quick, that the Shape of it could nor 


be diſcern'd. 
= Sn e r. XAlL 

Infuſions of Fennel, Sage, Melon, ſour Grapes, 
Stall, and Leaves of Maragolds. 


Ennel, with its large and ſmall Stalks, was put into cold Water to in- 
fuſe, Auguſt 11. and on the 13th following, in the ſmalleſt Drop that 
could poſſibly be taken up, and placed upon the Object carrying Glaſs, 
might be ſeen a Swarm of an almoſt innumerable Quantity of little Ani- 
mals, repreſented at Fig. 241. amongſt which were others of a round Fi- 
gure, and about five or fix times longer. | 
The 22d of Auguſt, ſome Sage Leaves were infuſed in cold Water, and 
Tetain'd their natural Smell all the Time of the Infuſion, which was about 
12 Days; nothing was ſeen in this Liquor but ſome little Animolcules F that 
appear d no bigger when magnified, than a Grain of Millet does to the na- 
ked Eye; and an infinite Number much ſmaller, that when magnified, ap- 
pear'd no bigger than the ſmalleſt Dot that can be made upon Paper, with 
the fineſt Pen, and a little below the Surface of the Liquor, was found three | 
very {mall but white Worms. DP} 


Jil. Obſ. p. 35. + 157d. 5. 37 
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The 28th of September, in a Drop of this Infuſion, was found two Sorts 
of minute Animalcules, repreſented at Fig. 242. 
The 22d of Auguſt, ſome Barberries were put into cold Water, which 
produced Animalcula of the Shape of T, Fig. 243. in 24 Hours Time. 
The 25th of the ſame Month, a Bit of the Rind of a Melon, with a lit- 


tle of the Pulp, and a few of its Seeds were put into cold Water ; the 
next Morning appear'd ſome fine tranſparent Animalcules, whoſe Form is 


ſhewn at V, Fig. 243. Many little white longiſh Bodies were alſo found 


therein, whoſe Figures are ſeen at X; and other leſs Bodies marked T, 


without any ſenfible Motion. 
Some ſour Grapes were alſo infus'd in cold Water, on the 14th of Auguſt, 
and on the 2oth, a great Number of Animalcules appear'd therein, but fo 
exceedingly minute, that their Shape could not be diſtinguiſhed ; on the 
25th two Sorts preſented themſelves, one as ſmall as the laſt; the other at 


Y, Fig. 244. The 4th of September theſe little Animalcula were exceed- 


ingly multiplied and increaſed in Size, ſome of them were join'd together 
in the Form of a Figure of 8, as atP, Fig. 244. and moved ſometimes cir- 
cular and ſometimes in a right Line; on the 8th of September were found 


upon the Cruſt, which ſwarm upon this Infuſion, ſome minute Worms, 


and alſo in a Drop of the Liquor a conſiderable Quantity of other Eel-like 
Animalcula. 5 74 | 

On the 25th of Auguſt, ſome of the Stalks and Leaves of Marigolds, 
were put to ſteep in cold Water, and eight Days after there was three 
Sorts of Animalcula found therein; the firſt is repreſented at Z, Fig. 245. 
the ſecond at R, of the ſame Figure; and the laſt, for which there was 
no Room in this Plate, were of the Eel-Kind, different from thoſe in Vi- 
negar, and different alſo from thoſe in Paſte. i 


S K © T. XIV. 
Fir/t Infuſion of new Hay in cold Water. 


TI Infufion ftood but 24 Hours before it was filled with Life, and 


at the End of five or ſix Days, in the moſt minute Drop of this 
Water, five or ſix Sorts of living Animalcula were diſcoverable ; different 
in Colour, Size, Figure, and Motion. 
The Smell of this Infuſion is very ſtrong in hot Weather, but decays 
as the Infuſion grows old, Animalcules are very rarely to be met with in 


any other Infuſion that are larger, finer, more tranſparent, or that live fo 
long as thoſe found in this. l 5 


( 124 ) 
8 E c T. XV. J 
Me ſecond Infuſion of new Hay. 


1 4th of October ſome new Hay being put into cold Water in two 
different Veſſels, one of which was ſtopped cloſe with a Piece of Vel- 
lum, made very wet, and the other left open : Two Days after, three Sorts 
of Animalcula were diſcover'd in each Infuſion, and alſo a ſufficient Quan- 
_ tity of them: This Experiment is a Proof, that thoſe Animalcules 

were produced from Eggs, which had been depoſited by their parent“ Ani- 
mals upon the Hay, and alſo that the 


A; y were not wafted thither in the 
ir. | 
The 10th of the ſame Month, more of theſe Animalcula were found in 


one Drop of that Infuſion, which had been covered; than could be ſeen in 
the like Quantity not covered, 


ow JJ 
The third Experiment made upon the ſame Hay. 


"0 13th of O#ober ſome of the ſame new Hay was boiled in com- 
mon Water, above a Quarter of an Hour, and an equal Quantity of 


it put into two Veſſels, nearly of the fame Size, one of which was imme- 


diately cover'd, even before it was cold, and the other left open, in which 
was found ſome Animalcula, at the End of a few Days, and not one in the 
Infuſion, which had been covered; F after which great Care was taken to 
keep it cloſe for a conſiderable Time, to try if there were any living Ani- 
malcula therein, but nohe could be found, at length it was left open, and 
in a few Days, fome Animalcules were found therein, which determined 
that theſe Animals proceeded from the Eggs of their parent Animals, waft- 
ed thither in the Air, ſince thoſe which had been brought there in the Hay, 
were totally deſtroy'd by its being bail'd in Water. 5 


3 er. XVII. „ 
A Compoſition of ſeveral Infuſwns mixed together iu 
one Veſſel. 


2 Þ AK E equal Parts of an Infuſion of Senna, of Raſberry Stalks, and of Hay, 
EK. mix theſe all together, and half an Hour afterwards take as uſual 
a ſmall Drop of this Mixture, which being put upon the Object carrying Glafs, 


0 Tobl. Ob. p. 39. + Bid. P. 40. 
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ſembling the Sole o 
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and placed before the Microſcope, will give you the Pleaſure of ſeeing in 
this little Drop, the Animalcula of all the Infuſions you have mix'd toge- 
ther. * And here it is proper to take Notice, that all theſe different Ani- 


malcula cannot ſubſiſt long in this Mixture, each being deſirous to re- 


main in its firſt Infuſion, therefore all Sorts of Infuſions are not proper to 
afford the Pleaſure of this Sight, for they ought to contain in them ſome- 
thing upon which the Animals can ſubſiſt. 


"Mo E C T. XVIII. 
Au Infuſion of Rhubarb. 


AN Hubarb is a purgative Drug, and muſt be a long Time infuſed in Wa- 

ter, before any Animalcula can be found therein, or any diſagreeable 
Smell, for in about five Weeks there was found only one Sort of Animal- 
cula, which does not merit a particular Deſcription ; we ſhall only ſay that the 
Mixture of a Drop of this Infuſion, with as much of that of Senna, does 


not deſtroy the Animalcula in either; and that at the End of 15 Days we 


Animalcula in the Infuſion of Rhubarb I were all dead. 


8 E C T. XIX. 
Of an Infuſun of Muſbrooms. 


Large Muſbroom being infuſed in cold Water, produced from one 
Day to another an aſtoniſhing Multitude of infinitely ſmall Animal- 


cules, of a round Figure, which appear'd in a Microſcope that magnified | 
twenty-five-thouſand times, of the ſame Size, that a Grain of Rape-Sced 


does to the naked Eye |. 
The third Day ſome of a larger Size were found therein, with a crooked 


Neck, and very tranſparent ; ſoon after a third Sort was diſcovered of an 


oval F igure, and fluttering Motion. 
$ x © 7. XX 
Of the little Flowers of different Colours that are 
found in Meadows. 


T* F ſome of theſe Flowers, when they are juſt blown, be put into cold Water, | 
in a few Days a . Sort of Animalcule will be found therein, re- 
Shoe, one of which is repreſented at Fig. 246. Its Mo- 


Job. Ob. p. 40. 1 Bid. p. 48. | Bid. p. 48. | 
| | tion 


Of Animalcula in Fluids. 125 
tion is flow, and its Head directly under the Letter A; it inclines itſelf to- 
wards B and C, ſtretching itſelf out, and contracting alternately; ſometimes 
all its Body appears as round as a Bowl, at which Time the Surface thereof is 
uneven : Their Body is marked with longiſh Spots, and is ſo tranſparent, that 
all their Inteſtines, and the periſtaltick Motion may be diſtinguiſhed, which 
are a very agreeable Sight.“ Theſe larger Sort appear at the Beginning of the 
Infuſion, but at the End of fifteen Days, a great Number of thoſe repreſent- 
ed at Fig. 247. was ſeen therein, which is contrary to what generally hap- 
pens in other Infuſions, where the ſmalleſt appear firſt, 


8 1 K x. XXL 
Of an Inffuſion of ſweet Baſil, which ſmells like Citron. 


HRE E Sorts of Animalcules ſhew themſelves in a few Days after 
ſweet Baſil hath been infuſed in common Water; the firſt are ſeen at 
A, Fig. 248. the ſecond at B, and thoſe of the third Sort almoſt like that 
repreſented at C. This laſt ſwims in a ſpiral Line, folding and unfolding 
its Body every Way. | | | 
A., B, C, Fig. 249. repreſent the Animalcules found in the Infuſion of 
new Hay, the Colour of one, and Figure of the other, was the Occaſion of 
calling one golden, and the other filver Bag-pipe. That Sort repreſented 
atD E, are called Clubs; the Head whereof is ſeen at D. Theſe Ani- 
malcules extend and contract, twiſt and untwiſt themſelves ſeveral Ways. 


S R e T. II. 
Infuſion of Blue Bottles. 


1G. 250. repreſents a new Sort of Animalcula found in this Infuſion 
- of Blue Bottles. A ſhews the Head, B its Tail, C D its Breadth, 
which ſeems divided throughout its whole Length by a curved Line, drawn 
from B towards A, that Part of the Body marked C, ſeem'd to be filled 
with ſeveral little Globules, leſs tranſparent on this Side, than on that 
marked D; the Neck of this Animal, which is very long, ſhortens itſelt 
from Time to Time, as does alſo the hinder Part, marked B. + It ſwims ex- 
traordinary flow, and does not live upon the Object carrying Glaſs above 
5 or 6 Minutes, but two of theſe were diſcovered in 5 or 6 Drops, and the 
| fecond, Fig. 251. was ſomething different from the firft, for its Body BC 
was furniſhed with little Globules, that render' d it leſs tranſparent than the 
firſt was, at A Band C D. | 


® Tobl. Ob. p. 49. f Did. p. 51. 
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S x e r. 
Infuſion of old Hay. 


| N this Infuſion were two Sorts of Animalcules that merit a particular 
l | Deſcription. The leaſt is ſeen at Fig. 252. it was of a tranſparent 
White; A its Head, B its forked Tail, with which it puſhes itſelf forward'; 
and it ſwims fo ſteadily that no particular Motion of its Body can be diſ- 


cerned. | 


rt are more extraordinary and ſurpriſing, as well in Size 


The ſecond So 


as other Circumſtances ; two of them are repreſented at Fig. 253 and 284. 
marked A, C, DB, and ACEFB; A ſhews the Head, B its forked 
Tail, C its Heart, which may be ſeen in a regular Motion, and D its In- 
teſtines. It is called an aquatick Caterpillar, there are two different Colours 
of them, one of a tranſparent White, the other of a pale Yellow. In 
moving on the Object carrying Glaſs, they firſt fix the Points B, and then 
extending their Body as much as poſſible, reſt the fore Part upon another 
Place, and draw up the hinder Part, and then again fix the Point B as be- 
fore and ſo on; they allo fix the Points of their Tail to the Object carrying 
Glaſs, and ſtretch out and retract themſelves by Jerks, and ſometimes turn 


round about upon the Point B, at other Times they ſpring forwards with 
a ſudden Jerk, and ſwim about for ſome Time. . 


When they reſt themſelves, they commonly open their Mouths very wide 
as at A, Fig. 254. its Lips alſo are furniſhed with Hairs, as expreſſed in 
the Figure, which move very quick; it is really ſurpriſing to ſee how haſtily 
they ſwallow down other ſmaller Animalcula that happens to be within 
the Reach of their Mouths. At certain Times all the Hairs at the hinder 
Part of their Body which ſtand upright, are ſeen to lie down from EF to 
B. The Circumference of the Body ſeemed indented like the Teeth of a Saw, 
which upon a cloſer Examination was diſcovered to be Ringlets lying one 
over another, coming out with a ſurpriſing Swiftneſs, and ſometimes even 
the nervous Fibres were viſible, extending from Head to Tail, ſwelling and 
contracting alternately as they crawled along. Ts 
A Mixture of the Infuſions of Hay and Celery, does no Hurt to either 
of the Animalcula of the two Liquors ; but the leaſt Drop of this Mixture 


affords a very pleaſant Proſpect to the Spectator, who will in an Inſtant 


diſcover Variety of theſe fiſh-like Animalcules of different Sorts, moving 
in all Directions. 2 


See alſo a Deſign of another aquatick Caterpillar at F ig. 255. it was fiſh- 
ed out of an Infuſion made of the Stalks of a Noſegay compoſed of Pinks, 
Jeſſamin, Tuberoſe and other Flowers; this differs from the foregoing: 


1 F uſt, 
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firſt, in being longer; ſecond, that its Tail marked I, is compoſed of 
three Points inſtead of two; third, that it hath two little Arms LM, one 
on each Side its Heart a; fourth, that its Inteſtines marked b are without 
any viſible Separation ; and laſtly, that neither Ringlets, ſaw-like Teeth, 
nervous Fibres, nor Hairs in the Length of its Tail could be diſcovered in 


this Animalcule, but in all other Reſpects it was the ſame as the foregoing 
Caterpillar, Ee on ines 


S e T. XXIV. - 
An Infuſwn of Citron Flowers. 


| he Auguſt ſome of theſe Flowers were put into cold Water, in a few 
Days three Sorts of Animalcules were ſeen therein, which did not merit 
a figurative Repreſentation. But ſome Time after others appeared, called 
Tortoiſe, one of which is repreſented at Fig. 256. Its Head, though large, 
is very ſhort, and adorned with two Horns like thoſe of a Deer : Its Body 
ſeemed to be covered with Scales, its Tail very long, and ſwift in Motion. 


„ 
Infuſion of Animony. 


Ature is pleafed to diverſify all her Productions, and is ſurpriſingly 
admirable in all her Works, by continuing to give us Proofs there- 

ot in this Infuſion of Animony prepared after the ordinary Manner with cold 
Water, which at the End of eight Days afforded a new Animalcule, re- 

prefented at Fig, 237. | 

All the Surface of its Back is covered with a very fine Maſk in Form of 
- a buman Face perfectly well made, as appears in the Figure. Ir hath three 
Feet on each Side, and a Tail coming out from under the Maſk. 


S x c T. XXVL 


Infuſions of three different Portions of Celery Stalks 
and Leaves, put ſeparately into different Glaſſes. 


N the 1ſt of November ſome of the Stalks of Celery were broke into 
Y little Pieces, and put into the firſt Glaſs, and common Water poured 


* 7obl. Ob. p. 57. 
| thereon, 


each of them, two Sorts in the firſt, and but one only Sort in both the 


is a little crooked and ſharp, and notwithſtanding this Coupling they ſwim 


ſome of a golden Colour, and others brown. = 


of there are ſeen ſome differently coupled. Others alſo, that reſt them- 


often ſeen another ne and curious Sight, viz. that Sort of Animalcula which 
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thereon, and alſo upon the green Leaves in the ſecond Glaſs, and in the 
third Glaſs ſome Pieces of the Stalks with ſome of their Leaves with Water. 
Seven Days after thefe Preparations, ſome Animalcules were found in 


other: But in about a Month's Time all the three Infuſions contained ten 
different Sorts both in Shape and Size. ; 

Thoſe of Fig. 258, and 259, are the ſmalleſt ; but in Number they ex- 
ceed all the other, when coupled they reſemble a Figure of 8, as at a, 
Fig. 259. Theſe alſo are called Bag- pipes; they couple by the Beak, which 


very faſt, diving to the Bottom of the Drop of Liquor which is placed upon 
the Object carrying Glaſs, and riſing up again to the Top thereof alter- 
nately ; they ſeparate from, and approach each other, without Intermiſſion. 
Theſe Bagpipe-like Animalcules are not entirely alike ; but there is in theſe 
as in all other Animals, different Sorts of them. f 

Some of them ſwim alone with a ſurpriſing Rapidity, while others ad- 
vance with a moderate Swiftneſs, ſome go very ſlow, and others reſt quiet 
for a long Time together; but the greater Part of them are in a perpetual 
Agitation, ſome of them are long, ſome ſhort, others as white as Silver, 


It is a ſingular Curioſity to obſerve what paſſes upon the Surface and all 
around the Circumference of a Maſs of Matter which hath formed itſelf 
into a very little Bit of thin Skin, ſo ſmall, that the beſt Eyes are not 
able to ſee it without a Microſcope : They are found by Chance on the 
Surface of the Infuſion, and are generally faſtened to the End of the Stalks. 
If a Bit thereof be taken out with the Point of a Pin, and placed upon the 
Object carrying Glaſs before the Microſcope, there will be ſeen Swarms of 
all theſe Animalcules we have been ſpeaking of. There are ſuch great 
Numbers of them moving with ſo much Celerity, that it is troubleſome to 
rurn the Eye upon a Sight ſo new and ſurpriſing. In certain Places there- 


ſelves, and keep the Watch as Soldiers do, which ſeem apprehenſive of 
being ſurpriſed ; whilſt others go out a good Way from the Maſs as though 
they would make ſome Diſcovery, then they return again as if they had 
ſomething to relate to thoſe which kept the Watch, and this is ſeen all 
round the Maſs. 3 | 


In another Drop, taken from another Place of the ſame Veſſel, has been 


are long and flat, called Soles, and are repreſented by A BCD, in Fig. 
260, The Sides of this Animalcula is very ſharp ; the Head and all the 
reſt of its Body is tranſparent, except a few brown Spots which appear 
within. The different Poſtures, and the Variety of Motions obſervable in 
theſe Animalcula, cauſe much Pleaſure in beholding them through a Mi- 


croſcope, 
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eroſcope, and afford much greater Satisfaction than can poſſibly be ima- 
gined by reading the moſt particular Deſcription of them. 

In the Glaſs where only the Leaves were infuſed, there were amongſt 
others ſome Animalcules like thoſe expreſſed at E, F, G, Fig. 261, at one 
End of each of theſe Figures may be ſeen a conſiderable Opening which is 
their Mouth, and appears ſometimes round as at P, and ſometimes ovaliſh 
as at E and G; at other Times it is fo firmly cloſed as not to be diſcovered. 
It ſwims by Jolts, and Ballancing from Right to Left, conducting itſelf in 
Appearance by a circular Motion of its Head. It alſo changes its Figure 
by tolding, unfolding, and ſuddenly rolling itſelf up in the Form of a Ball, 
and then alternately ſtretching out again very quick into its natural State. 

There is another Sort of Animalcula that appears to have neither Head 
nor Eyes, and are repreſented. at H IK, Fig. 262. their Body ends in a 
long tranſparent Tail, and Motion generally very flow. They are frequently 
obſerved to have a Bit of the Skin (which is formed on the Surface of the 
_ Infuſion) ſticking to their Tail as at L, ſometimes they drag it after them, 
at other Times it happens to ſtick to the Object carrying Glaſs, at which 
Time they draw themſelves back on a ſudden towards it, and then ſtretch 
out again very ſlowly. Gn es 5 

In the leaſt Drop that could be taken up from the third Glaſs, wherein 
the Leaves, Stalks, and Roots were mixed, was ſuch an infinite Number of 
thoſe little Animalcula repreſented at Fig. 258. that they could ſcarce find 
Room enough to paſs between each other. 

There was alſo a large oval Animalcule, as at MN, Fig. 263. its Head 
could not be diſtinguiſhed. 1 5 

In a ſecond Infuſion of the Leaves of Celery was a new Animalcule, re- 
preſented at Fig. 264. its Head is ſeen at O, and is beſet with long Hairs 
that move alternately, its Motion is flow and Figure uncertain, appearing 
ſometimes under the Form of a Bag-pipe, and at others, under that of a 
Croſs. 5 | 
Fig. 265. repreſents another Sort of Animalcule of a ſpheroidical Figure. 
- Another Sort at Fig. 266. and others like Fig. 267. this laſt moves with 
a ſurprizing Velocity, and frequently turns itſelf upſide down. 

Amongſt other Infuſions of Celery, was found an Animalcule in the 
Shape of a Bottle, as at Fig. 268. Fig. 269. exhibits another Sort of the 
Bagpipe-like Animalcules, two of which are ſeen at P, differently coupled 
from any of the foregoing. 

Laſtly, at Fig. 270. is repreſented a moſt extraordinary Animalcule, al- 
moſt round, its Body cover'd with Hairs and Motion circular, 


8 „„ Ser. 
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3 Infuſins of Straw and the Ears of Wheat. 


N the Beginning of March, ſome wheaten Straw, and two Ears of Wheat 
were put into cold Water, the ſecond whereof produced Animalcules, 
of the Shape of Fig. 269. 
Others alfo were found therein, repreſented at Fig. 271. its Mouth is 
ſeen at A, the Inſide of its Body was filled with 2 Quantity of little white 
and brown tranſparent Corpuſcles. 

A third Sort is repreſented at Fig. 272. turning according to the Order 

af the Letters A B C, and moving ſlowly, its Colour like that of unpo- 
liſhed Silver, ſtrewed with little brown Spots. Its Head is ſeen at A, Tail 
at B, and Back KC. 

Another Sort of Animalcule is ſeen therein of an oval Form, and one 
called a golden Bottle, repreſented at Fig. 276. its Mouth is ſometimes 
fixed to a round Body, to which it ſtrongly adheres, as at Fig. 273. 5 
Another Sort called Soals, contracting and ſtretching themſelves out as 
they ſwim along, which is very quick, are repreſented at Fig. 274. 

See alſo another Sort, at Fig. 275. their Mouth is at A, which is ſome- 
times extended to a great Width. B C is the Tail. 

Fig. 277, repreſents an Animalcule with a Swan-like Neck. A is its 
Head; B its Tail, and C its Body. They are of two Sorts, one very 

tranſparent, and the Inſide of the Body of the other browniſh. Their Inte- 
ſtines may be ſeen in Motion. 

The Animalcula S and T, Fig. 278. are thoſe which were before call'd 
Water-Spiders, or rather greedy Guts, from the Quantity of other minute 
Animalcula they ſwallow. 

That repreſented Fig, 279. is the only one of its Sort 3 in the Infu- 
ſion of wheaten Straw. Its Figure is like a Purſe, its Mouth large, and 
here repreſented open; but when it ſtretches itſelf out for fwimming, it is 
ſo neatly ſhut, as to encloſe its Horns. 

Fig. 280. exhibits an Animalcule, called a little Saal; and at Fig. 28 I, 
and 282. are two others that move extreamly ſlow ; and are 1000 times 
ſmaller than an Hair *. 

Fig. 283. repreſents a Worm-like Animalcule, compoſed of a great 
Number of very ſmall ſpiral Rings, whoſe Extremities are terminated in 
very long, and exceeding fine Points. 


* Tobl. Of. p. by: 
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S EC T. XꝝVVIII. 
Of aquatic Pomegranates. 


& þ HIS Name of aquatick Pomegranates, crowned and bearded, is given 

to the Animalcula, which are repreſented by the Figures 284, 285, 
286, 287, 288, and 289, becaule their Shape in ſome Meaſure reſembles 
that Fruit ; * they were found in a ſmall Drop of an Infuſion of wheaten 
Straw, and ſcen with a Lens, jth of an Inch Focus. 

They appear'd of a fine tranſparent amber Colour, which therefore af- 
fords a curious Sight of their Inteſtines, the ſeveral Forms under which this 
r e appears, require a particular Deſcription, which take as 
ollows : 

In Fig. 284. under the Letters A B C D, are ſhewn four little Eminen- 
cies, adorned with Hairs, which remain but a ſhort Time in this Situation, 
for that marked B joins A, and C unites with D fo cloſely, that they then 
appear as at A D, Fig. 285. Theſe increaſed Eminencies, form the ſepa- 


rated Lips of this Animalcule, and the regular Motion of the Hairs with 


which they are adorned, obliges all minute Bodies, at a ſmall Diſtance 
from theſe Lips, to enter into its Mouth. Part of which is alſo as ſtroggiy 
repelled, as it was greedily ſwallowed, - | 
All the Protuberances A, B, C, D, of Fig. 284. or the two of Fig. 285. 
contracting themſelves a little towards E, diſcover a Sort of Crown, with 
four Points, repreſented at Fig. 286. which are preſently cover'd again with 
theſe Eminencies, and then expoſed again, and fo on. 
In each of theſe Figures, at E, is ſeen a regular Pulſation, fuppoſed to be 
its Heart; it ſeems to be embraced by two Lobes, that ſeparate and join 
alternately, which probably are the Lungs ; from theſe proceed two little 
Ligaments at G, towards the Inteſtines, whoſe periſtaltick Motion is alſo 


very regular. 


The Tail of this Animalcule appear'd ſometimes round and cloſe, at 
other Times open, when two little Points, as at H, Fig. 284. might be 
ſeen. E 5 


One of theſe Animalcules had four of thoſe ſharp Points, Fig. 287. 


placed two on each Side the Anus; between which à long Tail I L is pro- 
truded, and drawn in again with great Swiftneſs: The End L., in ſome of 
_ theſe Animalcules, appeared forked, as Fig. 285. the Tail can be entirely 
drawn into the Body, at which Time the Rings that compoſe it, ſlide 
one over the other, and cauſe it to beeame opaxke. 


® Poll. 05. p. 68. | 
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Their Eggs are frequently ſeen faſtened to their Breech by ſmall Threads; 
ſome of the Females carry but one, as at M, Fig. 289. others two, Fig. 
285, and ſome others ſix, Fig. 286; but ths i is ſeldom, and then alſo they 
are ſmaller. They rub their Eggs with their Tail, which as it enters into, 
and goes out from the Body, turns from one Side to the other with a great 
deal of Pliableneſs; thoſe * which are full, appear hanging down, and 
are very regular and bright, thoſe that are empty are ſeen quite flat, and of 
an oval Form, and more tranſparent than the others, and although empty, 
their Mothers carry them almoſt always faſtened to their Breech, as at 
Fig. 286. Two of theſe Eggs were ſeen in the Body of one of theſe 
Animalcules, and appeared as at G G, Fig. 288. 

Theſe Animalcules are a delightful Object for the Microſcope, particu- 
larly when they tumble over Head and Tail, becauſe they do it dextrouſly. 
Some turn themſelves circularly, as much on one Side as the other, and 
about the Point F, which is the Center of Gravity of their Bodies, 


SECT. XXIX. 
Infuſion of the Bark of an Oak. 


0 ME of this Bark being * into cold Water, the 15th of Decem- 
ber, and examined ſeveral Times for the Space of a whole Year, during 
which Time the following Animalcules were diſcovered. The firſt was 
called a Tortoiſe with an umbelical Tail, Fig. 290. This Inſect ſtretches 
out and contracts itſelf very eaſily, ſometimes aſſuming a round Figure, 
which it does not retain above a Moment ; then opening its Mouth to a 
ſurprizing Width, forms nearly the Circumference of a Circle; its Lips 
are furniſhed with Hairs, whoſe Motion is very pleaſant, becauſe it obliges 
ſome of the adjacent little Bodies, to precipitate into its Stomach, where 
that which is fit for Food remains, while the other is © A with great 
Velocity ; its Motion is very * riſing and ſingular 
Fig. 291. is another Sort of Animalcula = an umbelical Tail, differ- 
ing only from the former in having its Mouth fixed, and Tail without any 
Separation. 
Pig. 292. repreſents another of the ſame Sort, although under a Form 
ſomewhat different ; the Top of its Head is double, and two Promineneies 
22 thereon under the Form of Horns, which were intirely covered in 
e other. 


That repreſented at Fig. 293. is called a Water-Rat, its Head well 
| ſhaped, and Lips adorned with long Hairs. 


Another Sort at Fig. 294. is called a Crab's Claw, becauſe of its two 
crooked 
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erooked Beaks, whoſe Motion as well as that of its Body is very 
its Body is adorned with a great Number of ſhining Globules. 

Fig. 295. 1s called a Club, its Head large in Proportion to its Body, 
which ends in a Point, the Inſide of which is ſtrewed with little Grains 
both tranſparent and opake. . 

That Sort exhibited by Fig. 296. is called a Silk-worm's Bag, becauſe 
its Body is compoſed of ſeveral Rings and longitudinal Fibres, the Shape of 

its Head is ſo nearly like that of the Tail, that it can only be diſtinguiſhed 
by its Swimming. + 

The Animalcule, Fig. 297. is called a Spheroid, its Head is ſeen at A, 
a little below which may be ſeen its Heart regularly beating ; and ſeveral 
round Bodies of different Sizes, which probably were its Eggs. I 

There are in this Infuſion ſeveral Sorts of Eels, different amongft them- 
ſelves, and different alſo from thoſe found in Vinegar. 

Fig. 298. repreſents one of them very thick with reſpect to its Length, 
which was ſtored with a conſiderable Number of exceeding ſmall Fibres, 
and others alſo that ran ſpirally from near its Head towards the Tail. 

At Fig. 299. is exhibited another kind of Eel-like Animalcula of great 
Vivacity. . a 

Another of a larger Size is alſo repreſented at Fig. 300. that had been 
dead for ſome Time, when by Chance a little Eel * was diſcovered fluttering 
very much to get out of the Belly of its Mother, but not being able to 
do it, at laſt died therein. =, 5 55 5 | 
This Obſervation is a ſufficient Proof that the Eggs of theſe Eel-like 
Animalcula are hatched in their Mother's Body. | 

Fig. 301. repreſents an Animalcule, called a Weaver's Shuttle; it ſwims 
ſmoothly, having in the Middle of its Body ſeveral little Corpuſcles re- 
ſembling Eggs. Fe, | ES : 

Fig. 302. is called the Beak of an Halbert, its Head ends in a Point 
the other Extremity of its Body is like a Drop, and upon the Throat are 
ſeveral long Haus. 3 
Pig. 30g. is called a Water-Spider, it is of a ſpherical Figure, with ſe- 
veral brown parallel Lines; between which are ſome Spots browner than 
the reſt of their Bodies. | : 

Fig. 304. is called a Drop, its Body uniform and tranſparent, its Neck 
long, but a little crooked. a 3 

Fig. 305. is called a Slug, its Head is round, Tail ſharp, Body large 
in Proportion to its Length, and becomes ſo ſhort in Motion as to appear 

retty regular. | Wa 
| Fig. 306. is called a Water Caterpillar, they are found of different Sorts, 
and in ſeveral Infuſions of Plants it has been before obſerved, that the 


ſlow, 
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Hairs, of which we have elſewhere ſpoke, are planted on the two Lips of 
this Caterpillar, which ſeem to turn at certain Times like the Rowel of a 
Spur. | 28 
| g. ig. 307. is called the great aquatic Spider, its Figure ſomewhat ovaliſh, 
Mouth a little ſunk, which appears ſometimes to reach to the Middle of 
its Body, its Lips are adorned with Hairs in Motion, which ſeem to have 
a Communication with a little Patt that probably may be the Heart, and 
Lungs ſurrounding it; its hinder Part 1s alſo furniſhed with Hairs that form 
a kind of Tail; a little above the Anus is a brown Spot, ſuppoſed to be 
the Excrement ; the reſt of their Body is generally ſtored with little regu- 
lar Corpuſcles. £ 1 

This Sort of Animalcule is alſo found in Iufuſions of wheaten Straw, in 
that of Barley mixt with ſome of the Ears; in Turkey Corn, Indian Cane, 
in the J/ood and Bark of Acatas, or in that of whole Pepper, &c. All theſe 

different Sorts of Water-Spiders, have Hairs round their Body, inclining a 
 httle frem their Head towards their Tail, and may be ſeen with a Lens of 
4 Of an Inch Focus. | = | 
- Fig. 308. is called great Mouth, becauſe its Mouth takes up about half 
the Length of its Body ; its upper Lip is much longer than the lower, 
and are each adorned with little Hairs ; its Inſide is filled with darkiſh 
Spots, and hinder Part terminated with a ſingular Tail. 

Fig. 309, ABC, is named a Funnel, and is here repreſented under three 
different Forms, in the middle one the Mouth is open and round, the In- 
| fide of its Lips are adorned with little Hairs, which have a quick Motion; 
the Inſide of its Body ſtrewed with many little irregular Spots, and its long 
Tail generally drags after it little Pieces of Skin faſtened to its Extremity. 
The ſecond is ſeen: at A with its Mouth ſhut; and the third at C, whoſe 
Body 1s rounder, and its Tail at certain Times twiſted in the Form of a 
Cork: ſcrew. Tr 
Fig. 310. hath a Head like Clover Graſs, and a forked Tail; its Mouth 
very ſmall and round. | | 
Fig. 311. is called a Sock, the Inſide of its Body is adorned with ſeveral 
tranſparent Spots, which appear like Eggs. | 
At the Time this Infuſion was intended to be thrown away, it was 
thought proper to put a Drop of it upon the Object carrying Glaſs, and 

to examine it by the Microſcope, whereupon one of the moſt-particular of 

all the foregoing Animalcula was found therein. It is a kind of Water 
Caterpillar, and fo ſcarce, that no more than ſeven or eight could be found 
in many Trials during three Days. Fig. 312. ſhews three Repreſentations 
of one of them; in that exhibited by AB, its Body is ſeen to be compoſed 
of ſeveral Ringlets, that enter one into the other, as the Animalcula con- 
tracts itſelf ; it puſhes out of its Mouth a Snout compoſed of ſeveral Pieces 
theathed in each other, which are ſhewn at AC and D. The Extremity of 
this 
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this Snout appears to be perforated in ſome Poſitions as at D; it is ſome- 
times ſplit in two Parts, at other Times into three, as at A, where the 
form two or three little Protuberances. At LL are ſeen two Lips furniſh- 
ed with moveable Hairs. In other Poſitions not one Hair can be ſeen. 
While theſe Things were obſerving, a kind of Horn F, was ſuddenly pro- 
truded from its Breaſt : Its whole Length appear'd to be compoſed of ſe- 
veral Furbelows of unequal Thickneſſes, which go one into another like 
the Drawers of a Pocket Teleſcope: Ar its Tail are two very ſharp Points 
as at BE, and in ſome particular Poſitions it appears in three Parts as at I. 


8 e r. XXX. 
Infuſion of the Bark of a young Oak. 


BOUT the 25th of December ſeveral little Pieces of the Bark taken 
from off a Branch of young Oaks were put into cold Water, and in 


two Hours after ſome of thoſe Animalcules called Silver Bag pipes was ſeen 


therein, and on the 15th of January in a very ſmall Drop was ſeen ſeveral 
new ones. Some of them Mr. Joblot called Caterpillars, others Stockings, 
Stirrup-Stockings, &c. 

Thoſe repreſented at Fig. 313, are called golden Caterpillars, being _— 
an Amber-colour, the longitudinal Fibres are ſeen from one End 
Body to the other, between which are little irregular Globules. 

Fig. 314. is called a Stirrup-Stocking ; at C is a great Opening which 
changed its Shape every Moment, and appeared to be its Mouth ; the Lips 
were fometimes ſo extended as to ſerve it for a Rudder to ſteer its Couric, 
its Body was beſet with extremely ſmall Hairs. 

That repreſented at Fig. 315, is in the Form of a Fiſhing-Ner. 
Fig. 316. is another, of which the Part G H reſembles an ill-ſhaped 
Leg, the Middle of its Body appeared to be tied with an inviſible Li- 


© gature, 


Pig. 31, is called a Club, its Mouth intirely cloſe, and Body ſhaped 
like one, ſeveral little Globules were ſeen within-fide, ſuppoſed to be Eggs. 
Laſtly, at Fig. 318, is one of another kind of the Bottle Sort, which 

ſwam amongſt the preceding ones; and alſo a great Number of other Sorts 

which do not merit a Deſcription. The cold Weather increaſed ſo faſt, that 
in 15 Days Time all the Auimalcules in this Infuſion were deſtroyed. 
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, ſome other larger aquatic Animals. 


HE Waters every where are ſtocked with Life, which makes the 
Subject endleſs for the Employment of the Microſcope, Seas, Ri- 
vers, Ponds, Ditches, and almoſt every Puddle, can preſent us with living 
Wonders ; but as theſe Examinations have been very little attended too 
even by thoſe who are ſupplied with Microſcopes, I hope theſe Directions 
and the new Univerſal Microſcope, will be a Means to whet the Inclinations 
of the induſtrious Enquirer, the Difficulties in the Uſe of the common In- 
ſtruments being here removed. 5 3 
Mr. Leeuwenboek found ſome ſurpriſing Auimalcules, adhering to the 
Lens Paluftris * or Ducł- werd, which he examined in a Glaſs Tube filled 
with Water; one Sort of theſe were ſhaped like Bells, with long Tails, 
whereby they faſtened themſelves to the Roots of theſe Weeds. HM, 
Fig. 319, repreſents a ſmall Part of the Root as it appear'd in the Micro- 
ſcope, ſuppoſed to be almoſt withered and over-grown, with a great many 
long Particles which are ſeen between K and L. The Auimalcula repre- 
ſenting little Bells, F are ſeen at IST. 3 
On ſeveral of theſe Roots were obſerved one, and ſometimes two Sheaths 
or Caſes of various Sizes, faſtened thereto by the ſmall End: The largeſt 
is exhibited at RXY, out of which Sheath appeared a little Animal, whoſe 
fore Part was roundiſh as at X Y Z, from whence proceeded two little 
Wheels that had a ſwift Gyration always one and the ſame Way, and were 
thickly ſet with Teeth or Notches as at PQRS. When they have for 
ſome Time exerted their circular Motion, they draw the Wheels into their 
Bodies, and their Bodies wholly into their Sheath, and ſoon after thruſt 
themſelves out again and renew the aforeſaid Motion. Mr. Leeuwenboek 
obſerved the Caſe of one of theſe Animalcules to be compoſed of round 
Bubbles, + as is repreſented at N, O, T. When this Animalcule had thruſt 
that Part of its Body from O to P, out of its Sheath NO; it extruded at 
the ſame Time that ſurpriſing Wheel-work (which before was taken for 
two diſtin& little Wheels, and was here plainly ſeen to be but one and the 
ſame Circumvolution) that conſiſted of four round Parts PQ RS, three of 
which were to be ſeen, the fourth being almoſt hid ; its Motion was from 
P to Q, according to the Order of the Letters. Fig. 320, repreſents the 
W heel-work by itſelf, and larger than it appeared to the Sight. | 
— Mr. Leeuwenhboek found ſeveral Kinds of theſe Wheel-work Animalcula, 
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in the ſlimy Matter which is to be found in leaden Pipes, or“ Gutters, when 
the Water dries away they contract themſelves into an oval Figure, and a 
reddiſh Colour, and become fixed in the dry Dirt, which grows as hard as 
Clay; but if to this Dirt you put Water, in about half an Hour's Time 
they open, and by Degrees extend their Bodies and ſwim about; and this 
they did after ſome of this Gutter-dirt had been kept dry for 21 Months 
together: Whence he concludes, that the Pores of their Skin are ſo per- 
fectly cloſed as to prevent all Perſpiration, by which Means they are pre- 
ſerved till Rain falls, when they open their Bodies, ſwim about and take in 
Nouriſhment. 2 „„ | 

Fig. 321 and 322, repreſents two of them in different Poſitions, and 
Fig. 323 ſhews how they appear when dry and contracted. IH 

Several Species both of cruſtaceous and teſtaceous Animalcules are to be 
found in the Waters of Ditches ; two of the former Sort are repreſented in 
Fig. 324 and 325, in the Poſture they ſwim with their Backs next the Eye, 
their Legs are ſomething like thoſe of Shrimps or Lobſters, but of a Struc- 
ture much more curious; they are leſs than a very ſmall Flea, are all 
Breeders and carry their Spawn in two Bags, which hang from their 
Sides, or under their Tail, as in Fig. 325. Theſe Bags are ſometimes ſeen 
broke, and the Spawn ſcattered about the Water. There is a third Sort 
amongſt theſe as beautiful as the foregoing, but not near ſo large; its 
Shape nearly reſembles a Shrimp, and carries its Spawn as the Shrimp does. 
Theſe three Kinds of Animalcula have but one Eye, and that placed in the 
Middle of their Forehead ; they are often to be found ſo tranſparent, that 
the Motion of their Bowels is very plainly diſcovered by the Microſcope, 
together with a regular Pulſation in a little Part, which we may ſuppoſe 
the Heart. | 

In the Summer-time it is common for the Water in Ditches to appear 
ſometimes of a greeniſh, and ſometimes of a browniſh Colour, which upon 
Examination by the Microſcope is found to conſiſt in infinite Numbers of 
Animalcula, blended together on the Surface of it, and giving it ſuch an 
Appearance ; their Shape is oval, but the Middle either green or red, and 
ſeems to be compoſed of Globules, reſembling the Roes or Spawn of 
—_—Yx< . ; 
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Of the freſh Water Polipe, with Arms in Form of 


Horns. 


8 E c r. J. 
, their Motion and Structure. 


HE Nature of this Inſe& is both extraordinary, and contrary. to the 
general received Opinions of Animal Life, and requires the moſt con- 

vincing Proofs to perſuade many People into a Belief thereof. In order 
therefore to clear up this peculiar ＋ 4 ſhall lay before the Reader the 
following Obſervations, which were nde by Mr. Trembley, and alſo aſſure 
him, that I have repeated the major Part of his Experiments on this Animal 
with the ſame Succeſs, 1 

And firſt theſe Animals were not hitherto entirely unknown, for Mr. 
Leeuwenhoek gives a Deſcription of a ſurpriſing Sort of minute Animal, in 
the Philoſophical Tranſactions, Number 283. It is repreſented at Fig. 328, 
as it appeared faſtened ro a Root of Duckweed, hüllt in the Water, and 
about three Times bigger than it appeared to the naked Eye; this was a 
large one of the Sort, and had eight Horns: At C is ſhewn a very ſmall 
Animalcule coming out of the other's Body, ſuppoſed at firſt to be faſtned 
thereto by ſome Accident ; but on a cloſer Examination, was found to be 
| a young one in the Birth, although it had at firſt but four ſmall Horns; af- 
1 ter 16 Hours its Horns and Body was grown much larger, and in four 
* Hours more was quite excluded its Mother's Body ; againſt this on the 
i other Side appeared a little round Knob, which gradually increaſed in Big- 
4 neſs, and in a few Hours was-pointed as at D, Fig. 328 ; about 14 Hours 
I! after it was grown much larger, and had two Horns; three Hours after it 
alſo fell off from its Mother and ſhifted for itſelf. 4 

An Engliſh Gentleman * diſcovered one of them in ſome clear Water 


4 
3 * — 3 
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| i taken out of a Ditch ; but with the utmoſt Attention he could find no 
. more therein. It appeared the firſt Day as at Fig. 326, but varied every 
| Moment, and the Knob at a, looked hke the Gut Cenum ; two or three 


| | Days after he obſerved ſome white Fibres at the Extremity of the Knob ; 
== on the fourth it was extended at full Length, and appeared as Fig. 327; 
1 which then convinced him this Excreſcence was really an Animalcule of the 
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ſame Species, having ſix Horns; next Day he found it ſeparated from its 
Mother; it is ſeen in its contracted State as delineated by this Gentleman 
at Fig. 329 and 330. 

There is a near Agreement between the Obſervations of theſe two Gentle- 
men, both of them having diſcovered the moſt remarkable Property of the 
Polypes, that is to ſay, their natural Manner of multiplying. They have alſo 
given us their exterior Figure, and ſome of their Motions; but their more 
ſurpriſing Properties, were reſerved for the Diſcovery of the inguiſitive and 
happy Genius of Mr. Trembley. It was alſo known to ſeveral other Gentlemen 
before him, but none of them diſcovered this remarkable Re production, 
which is found in the different Parts of a Polype after they are ſeparated, 
each diſtinct Piece becoming as perfect an Animal as that of which it was 
only a ZW. - 1 5 | 

Mr. Trembley having taken Notice of ſome Plants, which he had taken 
out of a Ditch, and put into a large Glaſs full of Water, and employing 
himſelf in conſidering the Inſects therein contained, he caſt his Eye upon 
a Polype, which was fix d to the Stalk of an aquatick Plant, and is repre- 
ſented at Fig. 931. 

Their Bodies a b are very ſmall, and from one of their Extremities at a, 
proceed ſeveral Horns a, c, which ferve them for Feet and Arms, and are 
much ſmaller than their Bodies. I call the Extremity a, anterior, becauſe 
it is the Polype's Head; and the oppoſite Extremity b poſterior. 

The firſt Sort of Polypes Mr. Trembley found, were of a fine green Co- 
lour, and in the Poſture of thoſe repreſented by Fig. 331. The firſt Motion 
he obſerved in them was that of their Arms, which they extend and con- 
tract, bend and wind divers Ways; they alſo contract their Bodies upon 
the leaſt Touch, ſo ſhort that they appear only like a Grain of Matter. 
They conſtantly turn themſelves towards the Light; for if that Part of the 
. Glaſs in which they are, be frequently turned from the Light, they will be 
found' the next Day to have removed themſelves to the light Side of the 
. Glaſs, the dark Side being quite depopulated. REN 

For Mr. Trembley incloſed a great Clas well ſtored with green Polypes, 
in a Paſte-board Box, which had a Hole cut on one Side in the Form of a 
Chevron, that exactly anſwered to the Middle of the Glaſs in which the 
Polypes were: When this Hole was turned to the Light, it always hap- 
pened, that the Polypes afſembled themſelves together at that Side of the 
Glaſs, and alſo in the Form of the Chevron; although the Glaſs was turned 
ſeveral Times in this Box, yet at the End of a few Days the Polypes were 
always found ranged as before. To vary this Experiment, he turned the 
Chevron upſide-down, and notwithſtanding this, the Polypts always aſ- 
ſembled themſelves together, and in the Form of the Chevron, whether 
right or inverted. | 3 

The 25th of November 1740, Mr. Trembley cut a Polype tranſverſiy ww 
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the firſt Time) but the Head Part a little ſhorter than the Tail Part, and 
put the two Parts into a flat Glaſs, in which the Height of the Water did 
not exceed a quarter of an Inch, by which Means they my be eaſily ob- 
ſerved with a pretty deep magnifyi ing Glaſs. 

In that Inſtant the Polype was cut, both Parts contracted, and ſunk to 
the Bottom of the Glaſs, like two little Grains of green Matter. Some few 

Hours after both the Parts ſtretched themſelves out, and were eaſily to be 
diſtinguiſhed from each other, the anterior End of the firſt being furniſhed 
with Horns, whereas the other had none at all. 

The firſt Part moved its Arms, and the next Day he ſaw it change its 
Place in the Glaſs, and both were obſerved to extend and contract them- 

ſelves for ſeveral Days. 
He only looked upon the Motion of theſe two Parts, as Signs of the 
weak Remains of Lite, eſpecially with reſpect to the hinder Part, and 
therefore obſerved it only to know how long it would remain alive, not 
in the leaſt hoping to be the Spectator of this /o marvellous a Re production. 

But obſerving the cut Pieces on the gth Day with a magnifying Glaſs, 
perceived three little Points coming out from the Edges of the anterior 

End of the ſecond Part, which had neither Head nor Arms. The next 
Day he was convinced they were Arms, and the Day following two new 

Arms came out, and ſome Days after three more ; this ſecond Part had then 
eight, which in a little Time was as long as thoſe of the firſt Part, fo that 
now there was no Difference between the ſecond Part and a Polype that 
had never been cut. They both appeared ſenſible, being each of them 
compleat Polypes, and performing all the known Functions of ftretching 
themſelves out, contracting and walking. 

After this he diſcovered one in a great Glaſs he had by him, which was 
well ſtored with green Polypes, from which young ones began to ſhoot. 

In the Month of April he found a new Sort of Polypes, repreſented at 
Fig. 332. and ſoon after ſaw them eat and ſwallow down Worms longer 
than themſelves, and to digeſt them and be nouriſhed therewith : There- 
fore this 1s a certain Proof of their being Animals. 

They are to be found indifferently upon all Sorts of aquatick Plants, and 
other Bodies that are in the Water (upon which they fix themſelves by the 

Tail) at the Bottom of Ditches, and are ſuſpended upon the Surface of the 
Water, upon Branches of Trees, Boards, rotten Leaves, Bits of Straw, 
Stones, and many of them Mr. Trembley hath found on the Bodies of divers 
Animals, as on the Shells of Snails, Se. 

The beſt Way to find them, is to take up theſe different Bodies and put 
them in Glaſſes full of Water, and if there are any Polypes, they will ſoon 
be perceived adhering to thoſe Bodies and moving their Arms. 

Mr. Trembley hath alſo taken the Trouble of going often to the Sides, 
of che Ditch in — he found them, at a Time when the Sun ſhone upon 
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the Bottom of the Vater, and choſe thoſe Places where the Water was clear, 
and that had an eaſy Declivity, and ſays, he hath diſtinctly ſeen them at 
the Bottom of the Water, on all the Bodies that were therein, and on its 
Superficies ; by which Means he acquired thoſe Ideas concerning them, 
he could never have attained to without this Precaution. I. 

The moſt common Poſture they are generally found in, whether in their 
ordinary Places of Abode, or in Glaſſes, is repreſented by the Figures 331, 
and 332. The poſterior End b, of the Polype a b, is fixed againſt a Plant 
e f, Fig. 331, or againſt a Straw gh, Fig. 332, the Body a b, and Arms 
ac, being extended in the Water. EL 

The general Figure of the Polype*s Body in this Attitude is not perfect! 
the ſame ; in the three Kinds of Polypes here deſcribed, the Body of the 
green ones, Fig. 33 1. diminiſh from their anterior to their paſterior End, the 
Diminution being almoſt inſenſible. | 

That Sort repreſented Fig. 332, are the ſame; but thoſe of the third 
Sort, Fig. 333, differ from the two preceding ones in this Reſpect, that 
their Body does not diminiſh inſenſibly, but from the anterior Extremity a, 
to the Part d, and ſometimes even to two Thirds of the Length of their 
Body; as at d, Fig. 334, becoming from this Point much finer, and do not 
diminiſh from thence to the poſterior End. They wave their Arms in all 
Directions, as at a, i, k, Fig. 331, at a and e, Fig. 332. and at a, Fig. 333 
and 334. The Number of their Horns in theſe three Sorts of Polypes, is 
generally at leaſt ſix, and at moſt 12 or 13, yet nevertheleſs there are ſome 
few of the ſecond Sort which have 18 Arms. They can contract their Bo- 
dies till they are not above the 1oth of an Inch or thereabouts in Length: 
For Example, that repreſented at Fig. 333, could contract itſelf fo as to 
become like thoſe two Repreſentations Fig. 335. They can allo ſtop at 
any Degree either of Extenſion or Contraction, from the greateſt to the leaſt. 

The green ones are generally about half an Inch in Length when 
ſtretched out. Thoſe of the ſecond and third Sort are moſt commonly 
between + of an Inch and an Inch; but ſome may be found of both Sorts, 
whoſe Bodies are an Inch and half long. 

They grow ſmaller as they extend, and increafe in Bulk. as they contract 
themſelves. The Figures 331, 332, and 333 repreſent the general and 
natural Size of theſe three Sorts of Polypes ; and at Fig. 362.. is an exact 
Repreſentation of one, as it appears in the Microſcope. | 

You may oblige them to contract more or leſs, in Proportion as they are 
touched, or as the Water in which they are, is agitated more or leſs. 
Every Polype, when taken out of the Water, contracts itſelf in ſuch Sort, 
as to appear like a mere Lump of Jelly on the Body it is faſtened to, as 
at Fig. 336. which Figure is ſo different from what it bears when ſtretched 
out, that it can ſcarce be known at firſt Sight, but when the Eye 1s once 
accuſtomed to it, they are eaſily diſtinguiſhed from all other Bodies that are 
out of the Water. 


Y 


Heat 


141 Of the freſb Water Polppe. 

Heat and Cold hath the fame Effects on the Polypes, as it hath upon all 
other Land and Water Inſects. Heat animates, and Cold benumbs, or makes 
them faint and languid ; yet neverthelefs it requires a confiderable Degree 
of Cold, to reduce them to a motionleſs State, and that muſt be very near 
to that of Freezing. At which Time they are more or leſs contracted, and 
ſo remain; but as ſoon as the Water in which they are, acquires ſome Ne- 
gree of Warmth, they ſtretch themſclves out, and move proportionably to 
the Heat thereof. It is not neceſſary that this Degree of Heat be very con- 
ſiderable, but is ſufficient for them, if the Water be of a temperate Heat, 
which is exactly ſhewn by the 48th Degree on Farenheid?”s Thermometer. 
The Arms of the green Polypes ſeldom excced the Length of their Bo- 
dies, as at Fig. 331. An Inch is commonly the Length of the Arms of 
the ſecond Sort, as at Fig. 332. tho' ſome are longer. The Arms of the 
third Sort are generally about eight Inches, Fig. 333. for which Reaſon 
Mr. Trembley calls them long arm'd Polypes. 

The Polype can extend and contract its Arms, without extending or con- 
tracting its Body; and its Body, without any Alteration in the Arms, it can 
alſo extend and contract all or fome of its Arms, independant of the others. 

Its Body and Arms are alſo capable of bending in all poſſible Directions, 
fome of which are repreſented by Fig. 337. in which Attitude they are 
ſometimes found ; the Body and Arms can alſo twiſt themſelves, as at 
Fig. 338, and 334. It is likewiſe remarkable, that the Arms of the 2d 
and 3d Sorts of Polypes, generally bend at ſome Diſtance from their joining 
to the Body. 

The third Sort, for the moſt Part, ler their Arms hang down, making 
different Turns and Returns, as at Fig. 333. and ſometimes they direct ſome 
of them towards the Top of the Water. 

Their progreſſive Motion is performed by Means of that Faculty they have 
of ſtretching out, contracting, and turning themſelves every Way. For let the 
Polype a b, Fig. 349. be fixed by its poſterior End b, having its Body a b, 
and Arms extended in the Water. In order to advance, it draws itſelf to- 
gether, by bending its Body on whatever it moves ; and then fixing its an- 
terior End a upon this Body, ſometimes the anterior End only, at other 
Times ſome of its Arms, and at others the Arms and anterior End a, as at 
Fig. 350. When the anterior Endl is well fixed, it looſens the poſterior End 
b, and draws it to the anterior a, faſtening the End b, as at Fig. 351. after 

which | it again looſens its anterior End a, and ſtretches it out, as at Fig. 352. 
Thus much for a general Deſcription of the common Steps a Polype makes 
in moving from Place to Place. 

They walk very ſlow, and often ſtop i in the Middle of a Step, diſpoſing 
of, and winding their Body and Arms every Way ; as at Fig. 338. 
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Sometimes they make an extraordinary Step, as follows, Let the Polype 
a b, Fig. 353. be fixed by its poſterior End b, and its Body and Arms ex- 
tended in the Water. Firſt it bends its anterior End a, towards the Body 
upon which it moves, and fixes it at a, Fig. 354. after which it looſens its 
poſterior End b, and raifes it up perpendicularly, as at Fig. 355. then bend- 
ing its Body to the other Side, fixes the poſterior End b, as at Fig. 256. 
and looſening the anterior End a, raiſes it up again, as at Fig. 357. 

The third Kind of Step the Polype makes, is in the following Manner, let 
the Polype a b, Fig. 358. be fixed by its poſterior End b againſt the Side of 
a2 Glaſs. Its Body, and moſt of its Arms being ſtretched out forwards, and 
one of its Arms a c, fixed againſt the Glaſs at c: When the Pohpe is in 
this Attitude, it looſens its poſterior End b, and contracting its Body, draws 
it up a little nearer to the Point c, and fixes it againſt the Glaſs at d, after 
which it repeats the ſame and fixes its poſterior End at e, and fo on. All 
that is here ſaid of the Polypes progreſſive Motion equally reſpects the three 
Sorts, 


They deſcend to the Bottom of the Water, and come up either by the 
Sides, or upon aquatick Plants, and often hang down from the Surface 
thereof, by their poſterior End, as at b, Fig. 334. and are often ſeen to 

fuſpend themſelves by one Arm only, as at c, Fig. 339. They walk as well 
upon the Superficies of the Water, as upon thoſe Bodies juſt mentioned; 

and perform the ſame Motions in a Glaſs, as they do in greater Waters: 
They paſs over Plants or other Bodies; they go up the Sides of Glaſs, 
even to the Surface of the Water, and paſs either under or over it, and 
ſometimes reſt themſelves there; then they march to the oppoſite Side of 
the Glaſs, and ſo deſcend to the Bottom. | 
If you examine the Extremity of a Polypes Tail, while it is ſuſpended, 
as at b, Fig. 334. (from the Surface of the Water) with a magnifying 
Glaſs, it will be found a little out of the Water, ſomewhat concave and dry, 
as at band c, Fig. 359. and to prove that this Circumſtance is abſolutely 
_ neceſſary to ſupport them at the Superficies of the Water, only wet the 
dry End with a Drop of Water, and the Polype will immediately fall to the 
Bottom. _ | . 

When a Polype deſigns to paſs from the Sides of a Glaſs, to the Superficies of 
the Water, it need only put that Part out of the Water by which it would be 
fupported, and give it Time to dry, which is what it always does, and what 
may eaſily be obſerved. If, for Example, a Polype is fixed againſt the Sides 
of a Glaſs, near the Superficies of the Water, (on which it intends to go) as 
at ef, Fig. 359. in order to convey itſelf thither, it raiſes up its anterior 
End, and puts it out of the Water, there letting it dry, then looſening its 
poſterior End f, from the Glafs, draws it up, and puts it above the Water, 
where it alſo becomes dry in an Inftant, and capable to ſupport the Polype, 
upon which it draws its anterior End under Water, and remains I 
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from its Surface, as at c and b, often extending its Body and Arms. 

It has been often found neceſſary, in the Courſe of theſe Experiments, to 
ſuſpend a Polype from the Surface of the Water, becauſe they are not always 
to be found ſuſpended there of themſelves. To effect which, take in one 
Hand an Hair- Pencil, and in the other a pointed Quill, or a Tooth-pick; 
with the Pencil looſen the Polype from the Glaſs, and gradually raiſe it near 
the Top of the Water, in ſuch a Manner, that the anterior End of the Po- 
lype be next the Point of the Pencil; then lift it out of the Water, and keep 
it ſo for a Moment, nay a Minute if you will; after which thruſt the Point 


of the Pencil, together with the anterior End of the Polype, by little and lit- 


tle under the Water, until no more than about half the Tenth of an Inch 
of the Polype's Tail remains above its Surface; at this Inftant, with the 
pointed Quill, remove that Part of the Polype from the Pencil, which 
is already in the Water, And at the ſame Time blowing againſt the 


. Polype, its Tail will be alſo looſen'd, and remain out of the Water. 


A Polype, that is already ſuſpended, may be removed from a Glaſs of 
dirty Water, to a clean one with freſh Water, by endeavouring to place 
the Pencil parallel to the Polype, and in this Poſition to advance it gra- 
dually till it touches him, he will then apply himſelf againſt the Pencil, 


and on being drawn out of the Water, its Tail, which was dry before, 


will remain fo ; and it may be immediately put into the clean Water, by 
obſerving the foregoing Directions. | 
Polypes commonly fix their Tails to Stones, or aquatick Plants, &c. ſo 
faſt as to prevent their being drove away by the Stream, and are ſometimes 
fixed not only by their Tails, but by two or three of their Arms alſo, 
which they direct different Ways; and being thus fixed cannot be toſſed a- 
bout by the Motion of the Water. | 1 
Two long, armed Polypes ſuſpended from the Surface of the Water in a 
Glaſs, are repreſented exactly in the Poſition they were found, at a, b, and 
c, d, Fig. 359. One of them d c, had two of its Arms d, i, and d, k, fixed 
againſt the Bottom of the Glaſs, but on oppoſite Sides thereof, id and k. 
The other a b had alſo one Arm a g, fixed againſt the Bottom of the Glaſs, 
at g, and its other Arm a h, fixed againſt the Side at h; they held them- 
ſelves ſo faſt in this Poſition, that the Glaſs was forcibly ſhaken. before they 
quitted their Hold. | „ 
The Polype's Mouth is ſituated at the anterior End of its Body, in the 


* 


Middle between the ſhooting forth of the Arms. It is very often ſtretch- 


ed out, at which Time it repreſents a little conical Nipple, as at a, Fig. 
333. and Fig. 343. The Cone it forms appears ſometimes truncated, as 


at a, Fig. 362. At other Times no Nipple can be diſcovered, the Inter- 


val between the Arms being cloſed, as at a, Fig. 338, and 344. in other 
Circumſtances it is hollow, being open, and a little widen'd, as at i, Fig. 


331. or at e, Fig. 332. and a, Fig. 362. it is not only open in this Circum- 


ſtance, 
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ſtance, for if it is obſerved with a magnifying Glaſs, when flat, or when it 
forms a truncated Cone, a little Hole is generally ſeen at the End thereof, 
which is repreſented, as it appears when magnified at a, Fig. 362. 

The different Opening of the Mouth and Lips, are ſeen Fig. 343, 344, 
„„ 5 
The Polype's Mouth opens into its Stomach, forming a Kind of Bag or 
Gut, from Head to Tail. The naked Eye may be convinced of this, but 
much better if it be armed with a Microſcope. It is exaQtly repreſented as 
it appears through the Microſcope at a b, Fig. 262. | 
Mr. Trembley not being ſatisfied that the Polype was perforated from End 
to End, by only obſerving it from without, cut one tranſverſly into three 
Parts, each Piece immediately contracted itſelf, and remained very ſhort, 
and being all three placed on the flat Bottom of a ſhallow Glaſs full of 
Water, and viewed through a Microſcope, from the upper End, the Bot- 
tom of the Glaſs was ſeen through the lower, fo that all the three were viſi- 
bly perforated ; they are repreſented as they appeared in the Microſcope, 
by 4 Figures 340, 341, and 342. Its Mouth was at the anterior End of 
one of theſe Parts a, Fig. 340. and was then wide open. The poſterior 
Extremity was at the End b of the third Part, Fig. 342. as this Piece was 
perforated thro”, it plainly appears, that the Tails of the Polypes are alſo 
—_— 
P This Perforation which is continued from one End to the other of the 
Polype, is called the Stomach, becauſe it contains and digeſts the Aliments, 
and the Skin which incloſes the Stomach, and forms this Bag, is the very 
Skin of the Polype. Therefore the whole Animal conſiſts but of one Skin, 
difpoſed in the Form of a Tube or Gut, open at both Ends. 
If a Pohpe be obſerved with the Microſcope, its whole Body appears 
like Shagreen, or as if it were ſtrewed with little Grains, as repreſented at 
Fig. 362. both when contracted or extended, it is more or leſs varied ac- 
cording to theſe or other Circumſtances. £2 
If the Lips of a Polype be cut tranſverſly and placed upon the Object 
carrying Glaſs, in ſuch a Manner as that the cut Part of the Skin a, Fig. 341, 
may lie directly before the Microſcope, it will be found to conſiſt of an 
infinite Number of thoſe little Grains throughout the whole Thickneſs ot 
the Skin: Therefore, in order to know whether the Inſide of the Stomach: 
had any of the like Grains; Mr. Trembley opened ſeveral of them in the 
following Manner; by putting a Pope upon his Hand, he made it, by 
touching, to contract as much as poſſible, and then he introduced a very 
fine Point of a Pair of Sciſſars into its Mouth, and forcing it out at the 
Tail, and immediately cloſed the Sciſſars, which cut one Side of the Polype's 
Skin from the Top to the Bottom, and laying it open from one End to the 
other diſcovered the interior Superficies thereof, which is repreſented as it 
appeared in the Microſcope at Fig. 346 ', and this was alſo compoſed of as 
| great: 
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great a Quantity of the ſame Grains as the exterior Superficies and the Edge 
a, of the cut Piece of Skin, Fig. 346. To examine theſe Particulars a 
little farther, a Bit of the Skin was laid upon the Obje& carrying Glaſs in 
a Drop of Water, and placed before the Microſcope, a, Fig. 347. and ſome 
of theſe Grains ſeparated therefrom, as at b, c, d, by preſſing them with 
the Point of a Pin, ſtriking them againſt the Glaſs, and endeavouring to 
tear them in Pieces; the Grains ſpread themſelves to all Parts of the Wa- 
ter, and at laſt remained in Heaps as at e and f. | 

If a Polype be carefully placed before the Microſcope, ſo as not to wound 
him, you'll ſeldom be diſappointed of ſeeing thoſe Grains ſeparate from 
ſome Part or other, and that in the moſt healthy Polypes ; but when they 
ſeparate in large Quantities, it is a certain Symptom of a dangerous Illneſs. 
The Surface of the Polype from which they fall becomes irregular, and is 
no more terminated as before. The Grains fall off from all Sides, it con- 
tracts itſclf, the Body and Arms ſwell and loſe their ſhining Whiteneſs, 
and at laſt their Form, as at a, Fig. 348, and nothing is to be found in its 
Place but an Heap of Grains as at b. 9 85 5 

The Structure of the Polypes Arms bears a near Reſemblance to that of 
its Body ; and when obſerved with the Microſcope, we find their exterior 
Surface to appear ſhagreened alſo, Fig. 362, an Arm much contracted 
appears extremely ſo, and even much more ſo than the Polype*s Body. 

If a ſuſpended Arm that extends itſelf be obſerved, the Grains may be 
| ſeen a little aſunder, which when contracted almoſt touch, but fo that In- 
tervals are left between them, as at Fig. 363. When at a certain Degree 
of Extenſion, its Surface ſeems only to be ſtrewed with Pimples as at Fig. 
364, which continue ſtill to ſeparate, as the Arms extend, and are at laſt 
placed upon a Thread eee, Fig. 365. Theſe Pimples are formed by the 
Re-union of many Grains, and at the firſt Glance appear like a String of 
Beads, Fig. 365. | | | 

The different States of a Polype's Arm, may be obſerved at the ſame 
Time, in the ſame Arm, but at different Places thereof, by caſting the Eye, 
armed with a Microſcope from one End of the Arm to the other, and eſpe- 
cially if the ſeveral Portions thereof be carefully obſerved with a large Mag- 
nifier, they will appear as at Fig. 363. which repreſents that Part of the 
Arm ſtretched out, which is near the Polype's Head, the Grains thereof be- 
ing but little ſeparated, but are farther aſunder in Fig. 364. which is about 
the Middle of the Arm ; and Fig. 365. ſhews the Grains as if they were 
2 upon a Thread, as they are ſeen upon the Extremity of a Polype's 

rm. e 

This Extremity is often terminated by a Knob, and the Hairs marked 
e, e, e, Fig. 364, 365. are tranſparent, and may be ſeen with the firſt and 
ſecond Magnifiers, | 
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Of the freſh Water Polype. 147 
The beſt Method to obſerve a Polype's Arm, is to chooſe one that is 
fixed to the Side of a Glaſs, and near the Superficies of the Water; at which 
Moment, any one of its Arms being very well extended, take a Pair of Nip- 
ers in one Hand, and a Slip of Glats, about two or three Inches long, and 
half an Inch broad in the other, holding it at one End between the Finger 
and Thumb; then with the Nippers, or a pointed Quill, pull the End of 
the Arm gently out of the Water, and the reſt will follow. If it is not 
ſtretched enough, ſtretch it more, by drawing it out, the Polype (till re- 
maining fixed to the Glaſs, put the Arm upon the Slip of Glaſs, and turn 
it under till it meets itſelf again; then giving it a Jirk, the Arm will break 
off on both Sides the Slip of Glaſs, one Part remaining with the Polype, and 
the other in the Forceps, and the middle Part will ſtick upon the Glaſs Slip, 
in which Manner it may be applied to the Microſcope, and preſerved for 
ſeveral Days, as well as when it is at firſt taken out of the Water, for when 
once dry it does not change for a conſiderable Time. 


ff 1 
Of the Polypes Food, and Manner of their ſeizing 
upon, and ſwallowing their Prey. 


T was ſome Time after the Diſcovery of the ſecond Sort of Polypes, be- 
fore Mr. Trembley could find out a proper Food to nouriſh them, bur 
the Water at that Time happen'd to be plentifully ſtored with a Sort of 
Millepedes, Fig. 360. ſmall enough, and about ⁊᷑ ths of an Inch in Length. 
They are remarkable for a Horn, or fleſhy Dart, 1 from the fore 
Part of their Head at d. Mr. Reaumeur hath called them darted Millepedes. 
They ſupport themſelves, and ſwim in the Water by Means of the ſeveral 
ſwift Inflections they make with their Bodies; they reſt themſelves, and 
creep upon all the Bodies they meet with, and are often found in great 
Numbers upon aquatick Plants, thoſe upon which the firſt Polypes of the 
ſecond Sort were found, were well ſtocked with theſe Millepedes, and were 
taken out of the Water together with them, and put into the ſame Glaſs 
without any Deſign, 5 „ 
A few Days after the anterior End a, of a Polype, Fig. 366. was ob- 
ſerved, with one of theſe Millepedes partly within its Mouth, and the other 
Part yet without it at m, not knowing at firſt whether the Pohpe was eat- 
ing the Millepedes, or whether the Millepedes had introduced itſelf volun- 
tarily into the Polype's Stomach, to be nouriſhed there, to lodge its Eggs, 
or depoſite its Young therein, but at laſt it was entirely enter'd into the Po- 
{vpe's Body. | 
The long arm'd Polypes being the moſt remarkable in their feeding, * 
| 9 2 | or 
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for that Reaſon principally, Mr. Trembley thought proper to deſcribe theſe 
Experiments, upon that Sort, from which one may eaſily judge the 
{ame of the other two Sorts. - 
To ſee theſe Polypes ſeize their Prey with their Arms extended, they 
muſt be put into a Glaſs, 7 or 8 Inches deep, if the Polypes are fixed to 
the Top of the Glaſs, their Arms for the moſt Part hang down towards the 
Bottom. This is then the moſt convenient Situation to give them Food, 
and to obſerve how they manage it. To this End one might cauſe them 
to hang from the Surface of the Water, but this Expedient is not always 
The Polypes we breed, and feed, are commonly infeſted with little Lice, 
it is therefore neceſſary to cleanſe them from theſe Tormentors, by rubbing 
them with an Hair Pencil, and if the Polypes ſuſpend themſelves from the 
Surface of the Water, it is ſcarce poſſible for them to be freed from theſe 
Lice. In that Caſe make the Polypes fix themſelves to a Packthread, or 
fix them to it, as at Fig. 367. at the Place b, letting the two Ends h f, 
and k g hang down over the Edges of the Glaſs. One may then ſtroke 
them even ſomething rudely, backwards and forwards, with an Hair 
Pencil, without pulling them off, and in changing the Water, only take 
hold of each End of the Pack-thread, draw it gently out of the Water, 
and put it immediately into another Glaſs, prepared for its Reception. 
If ſeveral of theſe Pack-thread Strings are put into a Glaſs well ſtored 
with Polypes, there will be always ſome that will fix * themſelves thereto. 
When the Arms of the Polype are well extended, put a Millipedes, or 
any other Worm into the Glaſs, and with the Point of a Pencil, puſh it to 
one of the Arms, which it no ſooner touches, but it is ſeized, and when 
the Millipedes m, c, n, or Worm perceives itſelf taken, it endeavours by 
very quick and ftrong Efforts to diſengage itſelf, often ſwimming and drag- 
ging the Arm ac, Fig. 367. from one Side of the Glaſs to the other; this 
violent Motion of the Millipedes, obliges the Polype to contract its Arm, 
in the Performance of which he often diſpoſes them in the Form of a Cork- 
ſcrew, o i, which alſo contributes to the ſhortening of it. The Millipedes 
by its continual Struggles, entangles itſelf in the Arm that holds it, min, 
and often meeting with other Arms, they alſo aſſiſt, and with a ſudden 
Pull, enable the Polype to contract himſelf, or to draw near his. Prey, and 
in an Inſtant the entangled Millipedes is convey'd ta the Mouth, againſt. 
which it 1s held and ſubdued. 1 | | 
When a Polype hath nothing to eat, its Mouth is generally open, but 
that ſo ſmall that it cannot be ſeen without the Aſſiſtance of a magnifying 
Glaſs : Whereas, as ſoon as the Arms have conveyed a Prey to the Mouth, 
it opens itſelf more, and. always in Proportion to the Size of the Animal 
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that is to be devoured; its Lips gradually dilate, and preciſely adjuſt them- 
ſelves, to the Figure of their Prey. | 

All the Worms which are ſeized by the Polypes, do not preſent them- 
ſelves in the ſame Manner to their Mouth; for if the Worm preſents itſelf 
by one of its Extremities, it is not requiſite the Polype ſhould open its 
Mouth conſiderably, neither does it open otherwiſe, but preciſely to give 
Entrance to the Worm, Fig. 366. 

If the Worm is not too long for the Stomach, it remains therein ex- 
tended ;. but if longer, that End which firſt entered bends, and when it is 
entirely ſwallowed it may be ſeen folded within the Polype, Fig. 379. | 

When the Middle or any other Part of the Worm is preſented to the Poly- 
pes Mouth, it ſeizes this Part with its Lips, extending them on both Sides, 
and applying them againſt the Worm ; at which Time its Mouth takes the 
Form of a Boat pointed at each End, Fig. 368, after which the Polype 
gradually cloſes the two Points of its Boat-like Lips, which doubles the 
Worm in that Part, and ſo it is ſwallowed, Fig. 369. | 

As ſoon as the Stomach is filled, its Capacity and the Skin thereof is 
augmented, and the Body becomes ſhort, Fig. 372. its Arms alſo are for 
the molt part contracted. The Polype hangs down without Motion, and 
appears to be in a State of Numbneſs, and in Shape very different from 
that of its Extenſion, Fig. 367. As the Food digeſts, and it voids that which 
does not ſerve for Nouriſhment ; its Body lengthens, and gradually reco- 
vers its natural Form, 

Mr. Trembley finding theſe Millepedes a proper Food for the Polypes, 
he collected a great Quantity of them, to feed thoſe he kept in Glaſſes, and 
found them in Swarms at the Sides of Ditches, creeping on Plants, and all 
other Bodies that were in the Water. 

Alſo on obſerving how voraciouſly the Polypes eat theſe Millipedes, he 
imagined it was not the only agreeable Food to them, and was therefore 
deſirous of finding out other Animals to nouriſh them withal, beſides the 
Trouble of getting a ſufficient Quantity of Millipedes from other Places 
took up too much Time; upon which he opened a Polype that was taken 
out of the Water, with its Belly full of Food ; from whence came out little 
Inſects, which he calls Pucerons or Fleas, and amongſt theſe another Sort 
that multiply extremely, and are often eaſily to be procured in great Quan- 
tities ; ſee the Fig, marked p, at the End of one of the Arms, Fig. 367, 
which repreſents one of theſe Fleas of its natural Size, and as it appeared 
in the Microſcope at Fig. 361: They are exactly deſcribed by Swammer- 
dam, * and are remarkable for two branching Arms, which. proceed. from 
their Head, which ſerve them inſtead of Fins. The Arms inclined Swam- 
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merdam to call them by the Name of Puceron branchus, they are conti. 
nually ſkipping about the Water, and are generally ſomewhat reddiſh. 

On putting ſome of theſe Pucerons into a Glaſs with Polypes, they pre- 
ſently ſeized on ſome of them, and began to extend their Mouths, firſt in 
the Form of a Concave, in which Part of the Flea is lodged, as at a, 
Fig. 370. the Lips continue to enlarge, till they included the Puceron, and 
then entirely cloſe themſelves again. „ 

The Polypes are not content with two or three of theſe Pucerons, but will 
continue to {wallow them till the Sides of their Stomach are ſo increaſed, as to 
contain two of theſe Fleas in Breadth one by the Side of the other, as at 
Fig. 271. which was abſolutely full from Head to Tail. If it be one of 

the third Sort, the narrow Part of its Body b d, Fig. 372. generally re- 

mains empty, but ſometimes this alſo is forced to increaſe and receive ſome 

of thoſe Fleas, When the Polype hath ſwallowed no more of theſe Fleas 

than can be contained within its Stomach ; its Body, in that Caſe, becomes 
very ſmall near the Head, and forms in that Place a Kind of remarkable 
Neck c, Fig. 373. . 

If a Number of theſe little Fleas be haſtily thrown into a Glaſs of hungry 
Polypes, their Arms are ſoon ſo loaded with them, that one can ſee no- 
thing but a confuſed Maſs of theſe Pucerons gathered together, near 
the Polype's Mouth a, Fig. 375: which they ſwallow one after another till 
they are entirely full. | TO 

So long as theſe Pacerons could be procured, he fed his Polypes with no- 
thing elſe : His Method of fiſhing them out of the Water, was with a 
ſmall Hoop, of about 8 or 10 Inches Diameter, made of Braſs, or Iron 
Wire, to which was faſtened a Pouch of Linen Cloth, and the whole tied 
to the End of a Stick. This being put ſlope-wiſe into the Water, where 
there is a Quantity of theſe Animals, may be eaſily moved to and fro, any 
Way you ſee Occaſion, by which Means the Fleas will be gathered toge- 
ther into the Hoop. You may then put them into a Glaſs of Water, 
which will ſwarm therewith from the Beginning of June to the End of Sep- 
tember ; theſe were eaſily to be procured, but when they began to fail, he 
was at a Loſs to find out other Nouriſhment for his Polypes. 

He went ſeveral times a Day to the Water ſide, which had before for a 
long Time furniſhed him with Fleas, and ſtooped down near the Surface 
of the Water, endeavouring to diſcover young ones, but all in vain ; ne- 
vertheleſs in ſecking theſe he ſaw ſeveral Places at the Bottom of the Wa- 
ter, with Worms all ſtanding an End, one End of which was in the Earth, 


and the other End out of the Earth in the Water, making continual Un- 


dulations, Fig. 376. He thought, as ſoon as he ſaw theſe Worms, they 
would ſerve to nouriſh the Polypes, and to make up for the Fleas he wanted, 
and the Millepedes:which could at that Time be found only in ſmall Quan- 
tities; it was with a great deal of Trouble that he took up ſome of thoſe 

I Worms, 


„ 
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Worms, which he gave to the Polypes who eat them. Therefore, to pro- 
cure as many of theſe Worms as you may have occaſion for, you need only 
fix a Circle of Iron Wire, two or three Inches Diameter, to the End of a 
Stick, and putting this into the Water, and about half of it under the 
Earth, run it along a little Way, always holding it in the ſame Poſition, 
and that a little inclin'd ; this will meet the Worms, and drag them along 
with it, and bring up a large Quantity thereof, which on ſhaking the 
Wire Circle in a Glaſs of Water, will all fall to the Bottom. If the Ditches 
where you fiſh for theſe Worms ſhould be cover'd with Leaves and Herbs, 
it is neceſſary firſt to cleanſe them with a Rake, before you put in the Iron 
Circle, otherwiſe you'll get but few Worms at a Time. There are alſo 
other Places ſo muddy, as to hinder the Wire from holding the Worms; in 
this Caſe it is expedient, that you throw upon the Mud ſome Inches of 
Sand, for as the Worms are obliged to keep Part of their Bodies above 
the Superficies of the Earth, they quit the Dirt, and paſs into the Sand, and 
remain near the Superficies thereof. They may be taken in very great 
Quantities, after preparing the Bottom of the Water in this Manner. 

Theſe Worms are found in great Abundance in the Mud of the River 
Thames; when the Tide is out, they riſe in fuch Swarms on the Surface 
thereof, that it appears of a red Colour. CET. 

You may give to each Polype a Worm much longer, and alſo a little 
thicker than the Polype is when extended ; but then Care muſt be taken to 
let the Worm fall upon their Arms, otherwiſe they will miſs of them, be- 
cauſe they fall directly to the Bottom. Their Senſe of Feeling is ſo deli- 
cate, that if a Worm touches even the utmoſt Extremity of theſe very 
ſlender Arms, they immediately by claſping them about it, invelope 

and fetter it in ſo many Places, that it is ſoon render'd uncapable of ſtrug- 
giling to any Purpoſe, it eaſily yields, and at laſt is ſwallowed into the Po- 
lype's Stomach, Fig. 380. where it may be diſcern'd thro” the Polype's 
Skin. 
© Theſe Worms are the beſt Nouriſhment for the Polypes, eſpecially in 
the Winter, therefore if you gather a ſufficient Quantity of them in Novem- 
ber, and put them into large Glaſſes full of Water, with three or four Inches of 
Earth at the Bottom, you will have a Supply for the Polypes all the Winter, 
and may fiſh them up out of theſe Glaſſes, as out of the River. 

Sometimes a pretty thick red Worm, about half an Inch long, is taken 
up with the reſt, and is repreſented at c d, Fig. 382. Itis the ſame as that 
deſcribed by Mr. Reaumer, in the Firſt Memoir of the 5th Tome of his Hi- 
ſtory of Inſetts. Page 29. 3 

Polypes may alſo be nouriſhed by theſe Worms, but they are more diffi- 
cult for them to digeſt, and not at all fit Food for them in Winter, 

Mr. Trembley hath alſo ſeen them eat a Worm, which he calls a tranſpa- 


rent 
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rent Trpula, of which Mr. Reaumer ſpeaks in the 40th Page of the Memoir 
Juſt cited. 


Having in the Month of June taken a great Quantity of little Fiſh, a- 
bout four Tenths of an Inch long, and given ſome of them to the Polypes, 


but the extreme Vivacity of this Fiſh,. was almoſt too much for them to 


encounter with ; however, all the Polypes that ſeized them, did ſwallow 


them, and the Tails of the long armed Sort were obliged to ſtretch open to 


receive the Fiſh: One of the ſecond Sort is repreſented at Fig. 377. which 
had ſwallowed one of theſe little Fiſh ; and as its Skin a b, was fo tranſpa- 
rent, and flexible, it took the Form thereof, and appear'd like a Fiſh with 
long Whiſkers. | 
The Polypes eat the major Part of thoſe little Inſects that are found in freſh 
Water, they are very well nouriſhed with Worms, and the Nymphs of Gnats, 
and other Flies; they will alſo eat larger Animals if they are cut into little 
Pieces, as Snails, and other larger aquatick Inſe#s, and Earih Worms, the 
Entrails of Freſb-Water Fiſh, and Butcher's Meat, as Mutton, Beef, and 
Veal. | | 
Mr. Trembley put into the Bottom of a Veſſel, ſome of the Earth taken 
out of a Ditch, imagining, that a great Number of little Inſects might be 


| lodged therein, or at leaſt the Eggs of ſome; which Experiment ſucceeded 


very well, for from the End of February 1742. it was ſtored with various 
Sorts of little Animals; but particularly with one Sort, which is incloſed in 
a two-fold Shell ; when this Shell was but a little opened, they put forth 
ſeveral minute Feet or Arms, that move exceeding quick, and by Means of 
this Motion they ſwim. Theſe Animals place themſelves upon all Bodies 
they meet with, and are about the Bigneſs of a Grain of Sand; ſome Po- 
lypes being put into this Veſſel, without taking any other Care of them, 


were nouriſhed therein, and multiplied for eight Months. | 


Whence it appears, that large Glaſſes or Pails, thus prepared with Earth, 


(at the Bottom of them) taken out of Ditches in the Summer-Time, will 


be a convenient Reſidence for the Polypes ; for beſides thoſe Inſect 
that are contain'd in this Earth, may be very often ſeen (eſpecially if the 


Water in the Glaſs be expoſed to the Air) the Spawn and Nymphs of Gnats, 


and of Tupula, or Water-Spiders, &c. Theſe Veſſels may then be ſucceſs- 
tully employed, and will ſave the Trouble of feeding the Polypes we intend 
to preſerve, and alſo of often changing the Water. But when it is not 
changed and cleanſed for ſome Time, it is generally filled with an Herb, 
as fine as Hairs, in which the Polypes entangle themſelves, and by which 
we are hinder'd from looking within-ſide, if the Veſſel be not made of 
Glaſs ; however this Inconveniency is prevented by putting into each Veſſel 
a few aquatick Snails, more or leſs in Proportion to its Size; they will cat 
theſe Plants as faſt as they grow, whereby the Water, and the Sides of the 


Veſſel, will always remain clean, 
Some- 
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Sometimes two Polypes ſeize the ſame Worm, and each begins to ſwal- 
low its own End of the Worm, continuing to do fo till their Mouths meet, 
Fig. 378. In this Poſture they remain for ſome Time, after which the 
Worm breaks, and each Polype hath its Share ; but at other Times the 
Battle does not end there, for each of them continuing to diſpute the 
Prey, one of the Polypes opens its Mouth advantageouſly, and attempts 
to ſwallow the other Polype with its Portion of the Worm, which he effects 
in ſome Degree, and ſometimes almoſt entirely as at Fig. 380. Neverthe- 
leſs this Combat ends more happily than we can at firſt believe, in Behalf 
of the devoured Polype ; for the other gets the Prey entirely out of its 
Stomach, and the devour'd one comes forth again ſound and ſafe from the 
Body of its Enemy, after having been detain'd there above an Hour. 
| Polypes can eat a great deal at a Time, and they can faſt a great while 
and they void their Excrements at their Mouth. | 
After a Worm is ſwallowed, the Tranſparency of the Polype's Skin will 
permit us to ſee it diſtinctly, as at Fig. 379. the Worm gradually loſes its 
Form, and is at firſt macerated in the Stomach of the Polype, the Juice 
nouriſhes, and being ſeparated, the Remains thereof are thrown out at the 
Mouth, as at Fig. 381. . 
It is alſo obſervable, that their Aliments are puſhed backwards and for- 
wards, from one Extremity of the Stomach to the other, which contri- 
butes much to its Digeſtion ; which Motion may be ſeen in the Microſcope, 
if you chooſe a Polype that is not too full. This Kind of periſtaltick Mo- 
tion ſpreads the nouriſhing Juice all over the Stomach. But for an Obſer- 
vation of this Kind, it is beſt to feed the Polypes with fuch Aliments as can 
beſtow a /ively colour d Juice; for Example, thoſe Worms whole Inteſtines 
are full of a red Matter, for by this Means we may ſee, that this alimental 
Moiſture is conveyed not only to the Extremity of the Body, but alſo into 
its Arms; whence it is plain, that a Polype's Arms are perforated, each of 
them forming a Kind of Gut, which communicates with that of the Body. 
This was confirmed by examining a Polype, which had fucked the red 
Matter contained in the Inteſtines of a flat Worm, Fig. 383. Its Body is 
of a tranſparent White, and Inteſtines extreamly viſible, and of a crimſon 
Red ; Care muſt be taken to chooſe thoſe which are of a proper Size for 
the Polypes to ſwallow ; they come out of the Polype's Body without be- 
ing macerated, the red Matter which was in their Inteſtines being only ex- 
tracted from them. | | 
But this Experiment was yet better confirm'd on giving a Polype ſome 
Bits of the Skin of a little black, flat Snail, to be met with in great Abun- 
dance in Ditches. The Matter of this Skin was ſoon reduced in the Polype's 
Stomach to a Kind of Pap, principally compoſed of little black Fragments, 
and on examining their Motion attentively with the Microſcope, were 
ſcen to be drove about in their Stomach, and to paſs from Head to "Rs 
þ 4 and 


which after having been cleanſed 
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and into their Arms, even to a Thread; and afterwards were ſent back in 
to the Stomach, and chaſed from thence to the Extremity of the Tail, an 
were again repelled from thence towards its Mouth, and into the Arms, and 
ſo on continually, | ” 


Theſe Experiments were ſeveral Times repeated, and ſucceeded in the 
ſame Manner. | 

They are alſo a Proof of the Polype's Arms being tubular, and that they _ 
have an open Communication with the Stomach. 

The Arms of the Polype are of the ſame Colour with its Body, and an 
Heap of the extravaſated Grains before ſpoken of, are of the ſame Colour 
alſo; it is therefore evident that the Colour of the Polype depends on the 


Colour of thoſe Grains which compoſe the Skin, (for when the Polype be- 


comes white, they loſe thoſe Grains) and their Dependance is upon the nu- 
tritive Juice, drawn from the Aliments. „ 

Theſe Grains, for Example, become red or black, if the Polype be fed 
with a red or black Juice; they are more or leſs tingid with theſe different 
Colours, in Proportion to the Strength and Quantity of the nutritive Juice. 
It is alſo obſervable, that they loſe their Colour, if not fed with Aliments of 
the ſame Colour to themſelves, and likewiſe that they will faſt a great 
while, but then they waſte proportionably to their faſting. 

They are alſo ſubject to be infeſted with a Kind of aquatick Lice before 
ſpoken of, which are very common in expoſed Waters; they are of an 
oval Figure, and generally white; they run very ſwift upon the Polype's 
Body, and crowd about its Head more than any other Part, as at Fig. 385. 
Nevertheleſs they may be ſeen in great Numbers running over the Body a b, 


and Arms acc. The preſent Figure is a Repreſentation of the Polype 


and Lice, as they appear in the Microſcope. If proper Care is not taken 
to keep them clean from theſe Animals, they will be devoured by them, 
their Arms will gradually diminiſh, and at laſt their Body, till there is no- 
thing left. Fig. 386. repreſents one that had all its Head Part eat up, 

„ had a new Head, and new Arms, and 

became a very fine Polype. - 
Therefore. the beſt Way to preſerve theſe Animals in Health, is often 
to change the Water, and that eſpecially after they have done eating. It 
is not enough to pour it off, but they muſt all be taken out, and the Bot- 
tom and Sides of the Veſſel rubb'd clean from the ſlimy Sediment adhering 
thereto, which is cauſed by the Fæces they diſgorge therein, which are 
converted into a Kind of Slime, fatal to them if not clear'd away. My 
Way is to looſen their Tails from the Sides or Bottom of the Glaſs, then J 
take them up one by one with a Quill, cut Scoop-faſhion, and place them in 
another Glaſs with clean Water; ſometimes they cling to the Quill in ſuck | 
a Manner, as not eaſily to be diſengaged. The only Way then is to let 
the Quill remain a Minute or two in the Water, till they diſcharge _ 
| lelves, 
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ſelves, otherwiſe you'll be in Danger of breaking their Arms off, how- 
ever when an Arm is broke, it is quickly repair'd again, but for ſome 
Days there appears a Swelling or Calloſity in the Place which wears off 
in Time. 5 | 

River, or any other very ſoft Water, agrees beſt with them, or what 
is taken up clear, out of ſome Ditch or Pond; but that which comes from 
a Spring or Pump, or is in its own Nature hard or ſharp, prevents their 
thriving, and kills them in a few Days. 

They are beſt kept in ſuch large Glaſſes as hold three or four Quarts of 
Water, for in a Glaſs of this Size, the Water need not be renewed fo fre- 
quently, eſpecially if the Faces are taken out from Time to Time, with the 
feather'd End of a Pen, to which it very readily adheres. Beſides the Trou- 
ble is in ſome Meaſure ſaved of feeding each particular Polype, for here 
you need only throw in a Parcel of Worms, and let them take their 
Chance, but then all of them are not conſtantly fed, nor any of them fo 
often as in the ſmaller Glaſſes. ; 

The Worms you feed them with, muſt alſo be well cleanſed from the 
Mud, and always remember to waſh them in clean Water, every Time 
you feed the Polypes therewith. 

Polypes are to be ſought for in the By-Corners of Ditches, Puddles, and 
_ Ponds; for it is obſervable, that the Wind drives them together with the 

Plants, upon which they float into thefe Places ; although we may fearch 
for them in ſome Places without Succeſs, yet on coming there again, they 
may perhaps be found in great Abundance. 

There are fewer of them in the Waters in Winter, than in the other 
Seaſons. About the Month of April, Duck-Weed begins to riſe above the 
Superficies of the Water, and to increaſe, and many other Plants alſo float 
upon the Water, the Warmth revives the Polypes, and they fix them- 


felves to theſe Plants in Queſt of Prey, at which Time they may be taken 
out of the Water with them. | | | 


S n e T. * 8 
Of the Generation of Polypes. 


HEN a young Polype firſt begins to ſhoot, there only appears 
an Excreſcence, which terminates in a Point e, Fig. 387. 
Some Time after that, when it appears cylindrical, its Arms alfo begin 
to ſhoot at its anterior End, c, i, Fig. 387. Its poſterior End is fixed to the 
Body of its Mother, and gradually grows narrower, till at laſt it only ap- 
pears to adhere thereto by a Point b, Fig. 388. at which Time it 1s ready 
to be ſeparated ; which they all perform in the ſame Manner. The Mo- 
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ther and young one fix themſelves to the Glaſs, or other Bodies upon which 
they are ſituated, with their Arms and Head, and this is their Preparative 
for a Separation; ſomerimes the Mother gives a Twitch, at other Times 
the young one, and often both together, 

A Polype a b, Fig. 389, with a young one cd, ready to be ſeparated, 
diſpoſes of its Body in an Arch of a Circle, a, b, d, againſt the Sides of 
the Glais. The young one being faſt to the Top of the Arch at d, and its 
Head fix'd againſt the Glaſs; the Mother only contracts her Body, which 
by that Means becomes ſtrait, as at a b, Fig. 390. which was before cir- 
cular. While both its Extremities remain fixed againſt the Glaſs, the 
young one, which was alſo faſtened to the Glaſs, does not follow the Mo- 
ther when ſhe withdraws, but remains in its Place, and its Tail d, by this 
Means is ſeparated from the Body a b of its Mother. 

Young Polypes ſhoot in Proportion to the Warmth of the Weather, and 
Quantity of Food the Mother eats ; ſome have been perfectly formed in 
24 Hours, and others not till the End of 15 Days. The firſt ſhot forth in 
the midſt of Summer, and the other in a Seaſon when the Water in which 
= Polype was contained, made * Farenheidt's T. bermometer deſcend to 48 

rees. 
— They ſhoot forth from the Side of their Parent as a Branch from the 
Trunk of a Tree; and the Excreſcence which is the Beginning of a Polype, 
is nothing but a Continuation of the Skin of its Mother, which is ſwelled 
and raiſed, nay even forms a Tube communicating with its Mother's Sto- 
mach, as appears from the following Experiment ; for on chooſing a large 
Poiype of the ſecond Sort, with a young one at its Side, which — 
placed upon a Slip of Paper in a little Water, the Middle of the young 
one's Body was cut, and the ſuperior End of that Part which remained to 
the Mother was then open; next cutting the Mother on both Sides of the 
omen Shoot, it became a very ſhort Portion of a Cylinder open at both 
nds, which being viewed through the ſuperior and open End of the young 
Polype, the Light was ſenſibly ſeen in the Stomach of the Mother; but 
leaſt there might yet be a Skin, which giving Paſſage to the Light, might 
nevertheleſs ſeparate the two Stomachs, the remaining cylindrical Portion 
of the Mother was cut Lengthwiſe, and the two oppoſite Parts to that from 
| whence the young one came out, were opened; and on obſerving it with 
a Microſcope, not only the Hole t, of Communication, Fig. 391, was di- 
ſtinctly ſeen, but one might ſee quite through the End o, of the remaining 
Portion of the young one: Afterwards changing the Situation of theſe 
two Pieces of prepared Polypes, and looking through the laſt opening e, 
Fig. 392, the Day-light was ſeen through the Hole of Communication 1. 
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| * I muſt again remind the Reader, that theſe Thermometers are to be had at my Shop in 
Fleet-Street. 


1 Mr. 
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Mr. Trembley not being contented with making this Experiment once, 
repeated it ſeven Times, and met with the ſame Succeſs in five of them. 
This Communication between the Mother and its Young may be ſcen 
on feeding them; for after the Mother a b, Fig. 393, had eaten, the 
Bodies of its young ones ſwelled, being filPd with the Aliments as if they 
themſelves had been eating them at their own Mouths cdeio. | 


In the long armed Polypes, the young ones do not ſhoot out from the 


Tail Part bc, but only from the Part ac, Fig. 396. 

It is alſo remarkable, that Polypes do not only produce ſeveral little ones 
at the ſame Time, all remaining fixed to their Mother, but that even ſome 
of thoſe little ones at that very Time have two or three young ones alſo, of 
which ſome are perfectly formed, as at Fig. 396. 

Ihis Figure is ſufficient to ſhew with what Promptitude the Polypes in- 
creaſe and multiply. The whole Groupe formed by this Mother and her 19 

young ones, was but an Inch and + long, and one Inch broad Dutch Mea- 
ſure ; the Arms of the Mother, and the little ones, for the moſt part were 
hanging down towards the Bottom of the Veſſel, whilſt the Polype was ſuſ- 
pended on the Surface of the Water. This Mother eat about a Dozen of 
the aquatick Fleas every Day, and the little ones, which were in a State to 
eat, devoured amongſt them about 20 every Day. 

All the freſh Water Polypes, with Arms in Form of Horns, are Mo- 
thers, for each Individual of this Sort produce young ones. 

Mr. Trembley ſays, he hath nouriſhed a thouſand Polypes, and never 
found one which did not multiply, after it had been well fed, and always 

obſerved their Motions very attentively, in order to diſcover if nothing 
paſſed between them analogous to Copulation in other Animals; but could 
never find any Thing like nt. „ 

He then put ſeveral Polypes of the ſecond Sort by themſelves, that he 
might be very ſure they never had ſince their Separation any Communica- 
tion with other Polypes; and took none for theſe Experiments but thoſe 
which he ſeparated from their Mothers himſelf ; or thoſe which being ſe- 

parated of themſelves, were taken out of the Glaſs in which their Mothers 
were, before any other young one could be ſeparated, with which it might 
have been poſlibly coupled; yet notwithſtanding all theſe Precautions of 
cauſing theſe Polypes to live in a perfect Solitude, they all multiplied, eat, 


and continued to produce young ones, more and more in Proportion as 


they were fed. 

Not only theſe which he firſt put alone have multiplied, but alſo many 
of their Deſcendants have alſo been put by themſelves, from Generation to 
Generation, even to the ſeventh, with the ſame Precautions. Whence it 
appears that Copulation is in no wiſe neceſſary to the Production of a Po- 

lype. | 
7 Y Trembley hath alſo made an Experiment to prove, that 2 young Po- 
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lype had in itſelf the Principles of Fecundity, before it could be thought to 
receive it from its Mother, or any other Polype : For on cutting off a 
young one which only began to ſhoot, and at that Time was only like a 
little Button, as e, Fig. 387. it is ſeen alone and of its natural Size after 
it was cut off, at Fig. 394, and as it appeared in the Microſcope at Fig. 
395. it was put into a Glaſs by itſelf, and gradually increaſed, had Arms, 
and at laſt multiplied. | . N 
It is therefore very plain, that a young Poly pe, after being ſeparated from 
its Mother, does not want the Company of another Polype to multiply. 
And that even before Separation it hath within itſelf the Principles of 
Fecundity, ſince from that Time it multiplies. = 
That if this Principle is communicated to it by the Mother while they 
are united, there is no Sort of Communication between the Head and Arms 
of either. | | 
Neither is there any Communication after this Manner by another young 
one, that comes from the ſame Mother at the fame Time with itſelf. And 
that if this Principle of Fecundity is within itſelf, it certainly is in an im- 
perceptible Manner. 3535 . 
If we have not from hence diſcovered how the Polypes become fruitful, 
we have at leaſt learned, that in this Point they differ from the moſt part 
of known Animals, and by Conſequence have made an Exception to the 
general Rule, that ſays, there is no Fecundity without Copulation. 8 
After Mr. Trembley had made the foregoing Obſervations, he was ſtill 
farther deſirous of finding out, whether there might not be ſome other na- 
tural Manner of their multiplying by Slips, as the Branches of a Tree; or 
if, on the contrary, this Manner of multiplying would ſucceed when they 
are cut in one or more Parts. Mr. Trembley hath ſeen Polypes which have 
divided themſelves into two Parts, after which each Portion became a com- 
pleat Polype; whereby the ſame Re- production was performed as we have 
before remarked on cutting theſe Animals in two. 
What hath been already ſaid on this Head is ſufficient to ſnew, that Po- 
lvypes bear a nearer Reſemblance to Plants than Animals, yet notwithſtanding 
it is evident that they are Animals, becauſe they eat and digeſt their Food. 


it „ . 
Of cutting Polypes aſunder and their Neproduction. 


L | THE moſt extraordinary Part in the Hiſtory of this Creature is this, 
that when cut into Pieces each Piece can repair itſelf and become a 
perfect Animal “. Ly 


Hi. de Polype. p. 193. 
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To perform which put a little Water on a ſmall Piece of Paper, 
whereon place a Polype, and wait a little while till it extends itſelf; then 
with a Pair of ſharp Sciſſars cut it into two Pieces, Paper and all, and 
examine each Piece with a magnifying Glaſs, to judge the Succeſs of the 
Operation, putting each Portion into ſuch a ſhallow Glaſs as is repreſented 
Fig. 26. which does not contain above 3 or 4 Tenths of an Inch in Depth 
of Water, by which Means they may be always obſerved with a magnifying 
Glaſs, or in the Microſcope. 7 

A, Fig. 397, repreſents the Head Part of a cut Polype, its poſterior 
End b, being a little larger than that in a common Polype, and is fenſibl 
open. In the Summer-time this firſt Part often walks, and eats the ſame 
Day 1t 1s cut. 

The ſecond Part; Fig. 398. hath its anterior End c more than ordinary 
open, and the Edges turned a little outwards, which afterwards folding in- 
wards, cloſes the Aperture : The anterior End appearing then to be ſimply 
ſwelled, as at c, Fig: 399. This Part is never ſeen to change its Place be- 
fore its Re- production is finiſhed ; the Arms ſhot out from its anterior End 
as thoſe do in young Polypes, at firſt three or four Points begins to ſhoot, 
as at e, Fig. 400. and while theſe increaſe; others appear between them; be- 
fore the Arms have done growing they can ſeize a Prey, and from that 
Time its Mouth is perfectly formed... | 

This Re-. production is performed ſooner or later, as the Weather is more 
or leſs warm. In the Height of Summer the Arms will ſometimes begin 
to ſhoot in 24 Hours; and in two Days have been in a State to eat, but in 
cold Weather it will be 15 or 20 Days before the Head is formed. 

If a Polype; having young ones; be cut tranſverſly, the young ones con- 
tinue to grow after the Section. 

It often happens, that the ſecond parts which have had no young ones at 
the Time of the Section; have had young Shoots before itſelf could eat, and 
before it had Arms. . 998 
In whatſoever Place a Polype was cut, whether at the Middle or near 
either End; the Experiment equally ſucceeded, and each Portion became 
a compleat Polype, which walked, eat and multiplied. 

A Polype being cut cloſe under the Arms, as at Fig. 401. and though 
ſmall as it was; it became a compleat Polype, which at the Beginning was 
all Arms. : 

If a Polype be cut tranſverſly into three or four Pieces ; the poſterior End 
of the firft produces a Tail, the anterior End of the laſt a Head, and the 
intermediate Pieces acquire both Head and Tail. | 

To cut a Polype Lengthwiſe, it muſt be made to contract as much as 
poſſible, becauſe the more it is contracted the larger its Body is: Therefore 
put the Polype upon a Slip of white Paper in a imall Drop of Water, and 
when by touching, it is very much contracted, drain away the Water, 

| | | whereby 
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whereby its upper and under Sides colapſe, and the Polype becoming fpread 
in Breadth, remains fixed upon the Paper; then with a ſharp Pair of Sciſſars 
cut through both Paper and Polype, the divided Parts will adhere to 
the Paper like a Jelly, but may be removed therefrom to the Object carry- 
ing Glaſs with the Point of an Hair Pencil, firft dipped in Water, upon 
which it may be applied to the Univer/al Microſcope ; or if the Papers are 


thrown into a Glaſs of Water, the divided Pieces will ſoon fall from them. 


The Sides of a Polype cut longitudinally, roll themſelves up different 


Ways, generally beginning from one of their Extremities, as at Fig. 402. 


and turns the Out-ſide of the Skin inwards ; after ſome time it unrolls, and 
the cut Side forms itſelf into a Tube, whereof the Edges a b, and e i, 
Fig. 403. on both Sides meet each other, and re-unite themſelves ; ſome- 
times they begin to join at the Tail End, at other Times they gradually ap- 
proach all at once; when they begin to unite at one End, it is eaſy to di- 


ſtinguiſn that Portion which is joined c i b, from that which is not joined 


c ae, Fig. 404. | | rhe 
The Sides join fo cloſe, that from the firſt Moment no Scar can be ſeen ; 
after which they become compleat Polypes, but with a leſs Number of Arms, 
and that in an Hour's Time, and in 24 Hours will ſeize and devour a 
Worm ; in a few Days other Arms ſhoot and become as long as the reſt. 
Mr. Trembley cut a Polype into four Parts length-wiſe, as follows: After 
having cut it in two, in the Manner juſt ſhewn, he cut each of theſe into two 
alſo. Theſe four Portions of the ſame Polype, had each of them fix Arms, 
within ſix Days after the Section; and ſeven in four Weeks, they all eat 
and multiplied. e 
When a pregnant Polype is cut length- wiſe, the young ones continue to 
grow after the Section. ee | | 
He hath alſo cut a Polype length-wiſe, and directly after cut the fame 


tranſverſly, and each of theſe four Quarters became compleat Polypes. 


He likewiſe cut another, in Part length-wiſe, beginning at the Head, 
which became a Polype with two Bodies, two Heads, * and but one Tail. 


After having nouriſhed this two headed Polype, by feeding it at both 


Mouths ; he alſo ſplit theſe Heads, and in a little Time it had four, 
= at laſt by cutting it after the ſame Manner, it had ſeven Heads, 
ig. 405. Ln. 
If a Polype be cut in Part length-wiſe, beginning at the Tail, it will 
foon have one Head and two Tails ; and in this Manner the Number of 
Heads and Tails may be augmented by cutting, almoſt ad infinitum. 
As all Sorts of theſe freſh Water Polypes form only a Tube or Gut, 
proceeding from one of its Extremities to the other, they may be turn'd 
Infide out as one would turn a Sack, viz. give a Worm to the Polype you 
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would perform this Experiment upon, and when it is ſwallowed, put the 
Polype into a concave Glaſs, or into the Hollow of the Object carrying 
Glaſs, with a little Water ; afterwards preſs it near the Tail with an Hair 
Pencil, ſtroking it towards the Polype's Mouth, that the Worm within its 

Stomach may be forced partly out, as at ce, Fig. 412. its hinder Part 
a, remaining empty. As the Worm goes out, the Stomach enlarges prodi- 

jouſly, eſpecially if it goes out double, as is expreſſed in the Figure. 

hen the Polype is in this State, make it contract as much as poſſible, 

which contributes much to the Enlargement of the Stomach. It muſt be here 
obſerved, that as the Worm is partly out of the Stomach, it keeps it open, 
then taking an Hog's Briſtle in the right Hand, puſh it againft the Extre- 
mity of the Tail b, till it enters into the Stomach, continuing gradually to 
advance the Hog's Briſtle, till it hath quite turn'd the Polype. When it 
comes to the Worm which keeps the Stomach and Mouth open, it either 
puſhes that out, or paſſes by on one Side thereof, and at laſt goes out of 
the Mouth, as at a b, Fig. 414. Sometimes the Polype is entirely turn'd 
at firſt, and then it covers the End of the Briſtle a b, Fig. 413. In this 
Caſe the exterior Superficies of the Polype is become the interior, which 
now touches the Hog's Briſtle, however it ſeldom happens that the Polype 
is entirely turned, but moſt commonly the Tail Part a b is out of the 
Mouth b, Fig. 414. and at the ſame Time a Part thereof is not turned; 
that is, its anterior End a c, which being terminated by the Arms, is folded 
over the turn'd End. Then to finiſh the turning, take an Hair Pencil in 
your right Hand, and the End of the Hog's Briſtle in the left. Always 
holding the other End of the Briſtle together, with the Polype in the Wa- 
ter, and ſtroke the End a c, which is not turn'd, very ſoftly with the Hair 
Pencil, that Way which is neceſſary to turn it, that is to ſay, from a to c, 
Fig. 414. which is preſently performed, at which Time it appears as at 
a b, Fig. 413. Then holding it in the Water, puſh it from a to b, with 
the Point of an Hair Pencil, and it will fall to the Bottom of the Glaſs 
without being put out of Order. | 7 
- When it is firſt turn'd, the Mouth cloſes, and the Lips a, incline a lit- - 


tile inwards; the Arms a c appear to join in a Bundle, and to come out of 


the Middle of the Polype's Mouth, as at a, Fig. 415. 

After the Polype is turned, extend it as much as poſſible with the Hair 
Pencil, then taking an Hog's Briſtle with a Knot near one End thereof, 
run the other End through the Polype's Body, near its Lips ; at that In- 
ſtant let the other End of the Briſtle e, drop into the Water, and with the 
Point of the Pencil, puſh the Polype to the Middle a, of the Briſtle, 
Fig. 416. then take out the Briſtle and Polype, and put them into a Glais, 
f, e, g, h, taking Care that it only touches the Glaſs by its two Extremities 
c and d, that the Polype may be a great Way from the Bottom and Sides 
thereof, and the Knot End towards the Bottom; that if the Polype ſhould 
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fide by its own Weight, it might not be able to diſengage itſelf. This 
Method is uſed to prevent the Polype from turning itſelf back into its natu- 
ral State, which they ſometimes do in 24 Hours after they have ſuffer'd 
this Operation; and often after they have been turned, and ſpitted, ro prevent 
them from returning, they have tore their Lips, and by that Means have 

{ormed two Heads. 


Several young ones have been produced from theſe turn'd Polypes, which 
have alſo multiphed. 


Sometimes they will eat in two Days after they have been turn'd, but ge- 
nerally not till 4 or 5 Days after. 
Moſt of thoſe Mr. Trembley turn'd, endeavoured to return themſelves a- 
gain, but could not entirely effect it, remaining like a Polype, partly turn'd, 
as at Fig. 406. the Skin of its anterior Part being applied upon the other, 
and forming 2 Kind of Pad at the anterior End a c, one Part thereof being 
turned, 2 the other not. Its Lips a, are no more at the anterior End, 
but are round that Part of the Body which is not turn'd back again, from 
whence alſo the Arms proceed, varying their Direction, ſometimes point- 
ing towards the Tail, Fig. 406. and at others are bent over the Head, 
Fig. 407. their anterior Extremity c, Fig. 406. formed by the Edges of the 
reverſed Part c a, remain'd open, and ſome Days after began to cloſe; and 
on being attentively obſerved, new Arms began to ſhoot near the old ones, 
and ſeveral Mouths * were alſo formed near the Middle of the Bodies of theſe 
Polypes, that 1s to " near the Place where their Arms Joined the Body at 
a, Fig. 406. 

A Polype partly turn'd back again, remains but a little while in that 
Situation, as at Fig. 406. The Place a, to which this returned Portion 
a c, was fixed to the other Part a b of the Body, became a little ſtreighten'd, 
and the Portion a c formed a right Angle therewith, as is ſhewn at 
Fig. 408. where a c repreſents the returned Portion, and a b the other Part 

of the Body; the ſame Day another Head appear'd at e, and ſeveral Arms 
began to ſhoot, on one Side a o, of one Mouth a on, which was formed 
on this Side; the other Side a n of this Mouth, being border'd by Part of 
the old Arms a d, a d. Next Day the Lips of the new Mouth was diſpo- 
ſed in Form of a conical Nipple, and the new Arms ſmaller than the old 
ones. The ſame Day the returned Portion a c, Fig. 408. which the Day 
before made the right Angle c a b, with the other Part a b, not returned, 
| was drawn nearer to this laſt Part, and made an acute Angle therewith, as 
at Fig. 409. where a c repreſents the returned Portion, and a b that Por- 
tion not returned. The doubtful Part e, remain'd as before; a Worm 
being given to it, fell upon the old Arms, was ſeized, conveyed to the 
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new Mouth, and ſwallowed in an Hour's Time, and the Portions a c, 
a b, anda e, Fig. 409. were ſwelled with the Contents of the Worm. 

Four Days after, its Form was much different, as appears by a Compa- 
riſon of the Figures 410, and 411, whereof a e repreſents the returned 
Part, and a b the Part not returned. Having now but one common Mouth 
a, Fig. 410. the new Arms are ſeen between a and t, the equivocal Part e 
as in the Figures. | 

This Form was changed but little in fifreen Days, as is ſeen on com- 
paring the two foregoing Figures; the old Arms which were before be- 
tween a and t being nes Foy and a Head at u, Fig. 411. which was at 
firſt taken for a young one, but remain'd in the ſame State above three 
Months. This Polype had two young ones, which proceeded one from g 
the returned Part, and the other from f, the Portion not returned. 

Theſe Obſervations are ſufficient to ſhew the Nature of a Polype, that is, 
partly turn'd back again, and the different Revolutions made in theſe A- 
nimals, are ſeen in the Figures 406, 408, 409, 410, and 411. which re- 
preſent the ſame Polype, and the return'd Part always a c, and that Part 
not returned a b. PE 

| Theſe Changes are not exactly the fame in all Polypes, but vary conſi- 
ſiderably, ſeldom any two of a great Number being perfectly alike. 

Tae Polype repreſented by Fig. 417. was turn'd, and the following Day 
returned Part of its Head, as at Fig. 407. which 7 Days after was formed 
into three Heads, as at Fig. 417. a b ſhews the Tail of the Polype, 
wjhich remain'd turned. adcge, the Portion turn'd back again ſo conſi- 

derably changed as to form three Heads dg e. | 
Fig. 418. exhibits the ſame Polype 14 Days older, a b the Portion which 
remain'd turn'd, a den ge o, the Portion turn'd back again, a d, ng. 
ne, its three Heads and Necks; marked d, g, e, in the foregoing 
Figure. ET, | ö 

Fig. 419. is the ſame Polype 13 Days after it was in the State of Fig. 418. 
The Portion o c of Fig. 418. is parted from o to c, and the two Portions, 
bac d o, andcngeo, Fig. 419. are only faſtened to each other by a 
Thread o, a b is the turned Portion, ac and o c two Portions, which in the 
preceding Figure are re-united, and marked o c, a d, n g, ne, and are the 
three Heads with Necks, and are marked by the ſame Letters, Fig. 418. 
The two Portions held by the Thread o, Fig. 419. are ſeen as they were 
ſeparated in Fig. 420. and 421. a b, Fig. 420. is the turned Part, and 
a d one of the Heads, n g, ne, Fig. 421. the two other Heads. 

Mr. Trembley imagined, that it one Polype could be put into the Sta- 
mach of another, in ſuch a Manner, that the external Superficies of the Skm 
of the firſt, ſhould be applied to the internal Superficies of the Skin of the 
ſecond, they might ſtick rogether, and become bur one Polype. 

To introduce one Polype into another, firſt feed fome of them, and o—_—_ | 

3 | they 
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they are ſwelled by the Aliments, their Mouths will be alſo extended. Take 
that Polype out of the Water, you would introduce into the Stomach of 
another, and put it upon your left Hand, making it contract as much as 
poſſible by ſtroking it with an Hair Pencil, in ſuch a Manner as to force the 
Aliments out of its Stomach, and thereby cauſe its Mouth to open ; then 
taking an Hog's Briſtle in the right Hand, put the biggeſt End thereof in- 
to the Polype's Mouth, and thruſt it to the Bottom of its Stomach. When 
this is done, place the Polype upon your Hand, into which this is to be in- 
troduced, cauſing it to open its Mouth, as in the other Polype, and thruſt 
that which is upon the Hog's Briſtle, into the Stomach thereof, and dip it 
into a Glaſs of clean Water, that you may examine it with a magnifyin 
Glaſs; then to prevent the inner Polype from extricating itſelf, ſpit them 
both together upon an Hog's Briſtle. 235 

Fig. 422. repreſents two Polypes put one into the other, a b the exterior 
Polype, and c a, bd, the interior one; ef in all the Figures ſhews the 
Hog's Briſtle which run through both the Polypes ate. 

Fig. 423. is the ſame Polype, a i b the exterior one, caid the interior 
one; the Part i d by bending having ript up the Part i b of the exterior 
Polype, and by this Means got our. 

Fig. 424. ſhews the ſame two Polypes, whereof i d, of the interior, tore 
the Part i b of the exterior one farther up, even to e; where the Briſtle at 
firſt ran through both the Polypes together : But when in the State repre- 
ſented by this Figure it pierced the interior one caid at e, and the exterior 
ont ai b at i. N . 

Fig. 425. repreſents the ſame two Polypes after the interior one a e b, 
had tore up the Lips of the exterior one c ed, and came out therefrom ; 
they were ſeparated in a few Days, and both of them did well. 

Mr. Trembley hath given us a curjous Drawing of an aquatick Animal 
which he calls a plumed Polype ; it is repreſented as they appear in the Mi- 
croſcope at Fig. 426. The Plume and Length of its Body taken together are 
about ++ of an Inch in Length, its Body very ſmall, almoſt cylindrical, 
and Skin perfectly tranſparent. The Plume is a Continuation of this tranſpa- 
rent Skin, very large in Proportion to its Body, and of a very remarkable 
Figure. 

Its Baſe eac is in the Form of an Horſe-ſhoe, from the Edges of which 
proceed the Arms ad, ad, ad, whoſe Extremity is a little turned outwards, 
and are fo cloſe together, that each Plume contains 30 or 60. The Baſe 
e ac of this Plume ſerves the Animal for a Mouth ; its Inteſtines may be 
diſtinctly ſeen through this tranſparent Skin at e b, fg, fa, and are of a 
brown Colour ; after the Animal hath eaten, three principal Parts of their 
Inteſtines are viſible, the Gullet e b, the Stomach fg, and the ftrait In- 
teſtine fa. | 

Theſe Animals withdraw themſelves into a Caſe i, k, 1, B, I, m, that 
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ſeems to be compoſed of the ſame tranſparent Matter with the Skin of the 
Body, which is faſtened by its inferior Extremity i b, I B, to the Orifice of 
the Caſe; ſo that whenever the Animal retires into the Caſe the Skin of the 
Body is reverſed. The Plume which is upon the Baſe c, enters with it, 
and appears, when all incloſed, like AB. After it is thus incloſed, it will 
ſoon come out again if it be left quiet. 

When it is out of the Caſe, you may ſee a Tendon fixed by one End g, 
to the inferior Extremity of the Stomach ; and the other at o, the Bottom 
of the Caſe. There is alſo another of theſe Tendons fixed to the Baſe of 
the Plume at a, and the other End of the ſame to the Bottom of the Caſe 
at o; it is by the Help of theſe two Tendons that the Animal draws itſelf 
into the Cell. 

Theſe plumed Polypes are ſeldom alone, but many of them placed toge⸗ 
ther one by the Side of the other; and there are ſeveral of them that come 
out of the ſame Caſe, but by different Orifices, which is the Way they 
multiply. 

At gr there is a little Elevation upon the Superficies of the Caſe of an 
old one, after which the Body and Plume s t begin to appear; or when 
a young one begins to ſhoot the Baſe of the Plume and Points of its Arms 
uuu, ſhew themſelves and increaſe as the Body enlarges. 


They can only eat very ſmall Animals, but of theſe they devour great 
Numbers in a Day. 


The quick Motion of the Plume, or rather the Feather-like Arms there- 
of, form a kind of Whirlpool, into which moſt of theſe little Animals that 
are ſwimming near it are precipitated. 

Every Inſtant one or two of its Arms ſuddenly bend into the Plume, and 
immediately replace themſelves into their firſt Situation; the ſame Arm ſel- 
dom bends twice together, nor do they touch the Prey but by their rapid 

and continued Motion cauſe a turning in the Water, which conducts thoſe 
minute Animals into the Plume, although they make ſeveral Efforts to 
_ eſcape, the ſudden Inflection of one Arm, adds a new Degree of Rapidity 
to the Torrent which hurries them into the Plume, where they are imme- 
diately ſwallowed, by the Mouth which is in the midſt thereof. 


HAF rv. 
Of Vegetables. 
S ne 7x.-1 
HIS ſeemingly inferior Branch of the Creation, when carefully at- 


tended to, by the Aſſiſtance of the Microſcope, exhibits to us - 
ample 
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ample Scene of the Creator”s Wiſdom, Curioſity and Art, in the wonderfü 
Contrivance even of the moſt abject Vegetables, but more ecfpeeially in the 
Anatomy of them; wherein may be ſeen the admirable Proviſion made for 
the Conveyance of the [ymphatick and eſſential Juices, in communicating the 
Air as neceſſary to Vepetable as Animal Life, and more particularly in the 
Generation and Make of the Seed, wherein the Lineaments of the parent 


Vegetable are incloſed in Minature ; and wherein allo we fee that God Al- 


mighty has by one Act of his creating Power provided for all ſucceeding 
Ages; and the future Poſterity of each Seed does of Neceſſity produce its 
own Reſemblance : For the Preſervation of which, Nature hath endow'd 
ſome with light downy Wings, to be conveyed about by the Winds; others 
are laid up in elaſtick ſpringing Caſes, that upon burſting dart their Seed at 
convenient Diſtances, and others, &c. are planted by the Induftry of th 
Huſbandman. 5 , 
The Seeds of Plants are incloſed in different Sheaths or Caſes, till they are 
lodged in the Earth. Some are depoſited in the very Heart of the Fruit, 
as the Kernels of Apples and Pears, others grow in Cods or Shells, as Peas, 


Beans, Lentils, Poppy Seeds, and Cocoa Nuts; fome in wooden Shells, &c. 


The Farina of Flowers appears to the naked Eye a kind of mealy Pow- 
der, which is found on the pendant Tops of almoſt every Flower; its Co- 


Jour various in different Flowers, but its Structure conſtantly: the ſame in 


Plants of the ſame Species. Here alſo the Microſcope hath diſcovered ſur- 
prizing Beauties, and hath ſhewn us, that this Powder is produced with the 
utmoſt Care in Veſſels wonderfully contrived to open and diſcharge it, when 
it becomes mature, and that there is a Piſtil, Seed Veſſel or Uterus, in the 
Center of the Flower, ready to receive the minute Grains of this Powder, 
either as they fall of themſelves, or are blown out of their little Cells. We 
are alſo taught by Experience, that the Fertility of the Seed entirely depends 
on this; for if the Farina Veſſels are cut off before they open and ſhed their 


Powder, the Seed is unprolifick “. 


5 2 CT. 
Of Seeds. 
HE Seed is the laſt Product of a Plant whereby the Species are pro- 


_ Pagated , it is frequently the Fruit of the Plant, as is the Caſe in 
molt Herbs : Sometimes it is only a Part incloſed in the Fruit, and that in 


Form either of Grain, Kernel, or Berry. 


It is the natural Offspring of the Flower, and that for whoſe Production 


* Phil. Tranſ. No. 207. 
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all the Parts of the Flower are intended ; ſo that when this is once well 
formed, the ſeveral Parts of the Flower dwindle and diſappear. 

It is produced from the Farina of the Apices let fall on the Head of the 
Piſtil, and thence forwarded to an Uterus at the Bottom thereof, divided into 
ſeveral Cells; where coming to receive the nutritious Juice of the Plant, 
it is firſt ſoftned, then ſwelled, increaſed both in Matter and Bulk, and at 
length comes to its State of Maturity. ES -— 

By the Uſe of the Microſcope we diſcover in the Seed ſeveral Parts of the 
furure Tree, only in Miniature ; particularly a little Root call'd the Radicle, 
and the Stem call'd the Plumule. 3 | | 

I ſhall exhibit the curious and gradual Proceſs of Nature in the Vegetation 
of the Seed; and firſt, in that of the Garden Bean, repreſented by Fig. 
427. by which a general Idea of all Seeds may be eaſily formed. It hath 
a {mall Hole at a, that upon Diſſection is found to terminate againſt the 
Stalk of the Plumule; its End is apparent at a, in the tranſverſe Section of 
the Bean, Fig. 428. in which Figure the ſeveral Coats of the Bean appear, 
the innermoſt is every where twice, and in ſome Places thrice as thick as 
the outermoſt ; and where 1t ſurrounds the Stalk of the Plume, it is fix or 
ſeven Times as thick, as may be ſeen at b, Fig. 428. 

The Hole a, Fig. 427. is not caſually made by breaking off the Stalk, 
but deſign'd for the Nurture of the young Plant, and may be ſeen in ſeveral 
other Kinds, as Peas, Vetches, French beans, Lupines, Lentiles, &c. in other 
Seeds alſo, Medica Tornata, Fænugreet, Goats-rue, &c. in ſeveral of theſe 
it is not diſcernable without the Aſſiſtance of the Microſcope; and in ſome 
not without cutting off Part of the Seed. When any of the above-named 
Seeds have been ſoaked in Water, ſeveral Bubbles will alternately break 
through this Hole on their being ſqueezed. All Seeds having thick and hard 
Covers, are alſo perforated in the like Manner; and thoſe lodged in Stones 
and Shells, though not viſibly perforated, yet the Stones and Shells them- 
ſelves always are ; when the Coats of the Bean are ſtripped off, the Seed 


appears; its main Body is divided into two Lobes, joined together at the _ 


Baſe of the Bean, as at Fig. 429. In young Beans, eſpecially if boiled, 
theſe Lobes eaſily ſlip aſunder; but in dry Beans are very difficult to be 
ſeparated, unleſs they be firſt macerated for 24 Hours in Water. Some 
few Seeds are divided into more Lobes, as the Creſſes into fix, and ſome 
not at all, as Grains of Corn, &c. moſt other Seeds, even the ſmalleſt, are 
divided exactly into two Lobes like the Bean; that which joins the two 
Lobes together is called the Stem or Radicle, out of which the Root 1s 
formed when the Seed vegetates. This Stem is found in all Seeds ; in the 
Bean and ſeveral others, it is fituated ſomewhat above the thick End, in 
Oak Kernels, commonly called Acorns, Apple-Kernels, Almonds, &c. it 
ſtands prominent juſt from the End. 


The Plume or Bud iſſues out of this Stem, and is that which afterwards 
becomes 
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becomes the Trunk of the Plant, ſeparable in ſeveral already formed, tho 
not diſplayed Leaves, which appear upon the ſprouting of the Seed, and 


may be ſeen in the Seed itſelf by the Aſſiſtance of the Mzcroſcope. 


The Plume is incloſed in a Cavity formed in the Lobes on purpoſe for its 


Reception, which may be ſeen at b, Fig. 429. it is almoſt of the ſame Co- 


lour with the Radicle, or little Root, on the Baſis whereof it is ſuſtained. 

It is the firſt Part that appears out of the Earth; as in effect it is the 
firſt Part that appears out of the Membrane, or Cover of the Seed, there 
being a Hole over againſt it in the Membrane, through which it makes its 
Eſcape. 1 

It is the Appearance of the Plume without the Cavity of the Grain, that 
makes what we call the Bud or Germ of a Plant. 1 

In diſſecting a Bean, if you hold your Knife aſlope, and very gently bear 
upwards, an exceeding thin and tranſparent Skin will ſhew itſelf, juſt as 
the Knife enters ; this Skin is not only ſpread over the Convex of the Lobes, 
but alſo upon the Flat thereof, and is extended both upon the Radicle and 
Plume, and ſo all over the Bean. This fine Skin vegetates impereeptibly, 
and the two Extremities of the Bag, which ſurround the Head of the Bud, 
expand and riſe with it in order to preſerve it, from all ſuch Frictions as 
may injure its tender and delicate Texture . Next to this is the Parenchyma, 


conſiſting of an infinite Number of extremely ſmall Bladders, which may 


be ſeen in a very thin Slice of a Bean when applied to the Microſcope, and 
appears like Pith while ſappy in the Roots and Trunks of Plants; on cut- 
ting the Radicle tranſverſly in ſeveral Parts, another Body of a quite diffe- 
rent Subſtance from the Parenchyma or Pulp, will be found, which is alſo 
conſpicuous in a tranſverſe Section of the Lobes, and appears there like fe- 
veral ſmall Specks, and of a different Colour from the Pulp: Theſe are 

the ſeveral Branchings of the Tubes proceeding from the Radicle, and 
forming but one intire Trunk till it riſes to a b, Fig. 430, from whence 
it iſſues forth into three main Branches, the middlemoſt directly into the 
Bud c, and the other two after a little Space, paſs from e e on either Side 
into the Lobes, where they divide into ſmaller Branches, and theſe again 
ſpread into other more minute Ramifications, and terminating near theVerges 


of each Lobe, become a perfect Root. 


This ſeminal Root being ſo tender, is difficult to be diſcovered, but may 
be come at by a careful paring off the Parenchyma in thin Slices Length- 
wiſe, in new Beans, or if old Beans are ſoaked a conſiderable Time in 
Water, the ſame may be effected. ; 

The Specks that appear on cutting the Radicle and Plume tranſverſly 
are moſt viſible in the Bean and great Lupine. 

The ſeminal Root hath not yet been diſcovered in Apples, Plumbs, Nuts, 
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& c. partly from their Colour, being the ſame with that of the Pulp, yet in 
the Gourd Seed the main Branches with their ſeveral Ramifications appear 
immediately on ſeparating the Lobes. 

The Parenchyma of the Lobes is a kind of Meal intermingled with a nu- 
tritious Juice, or Sap of the Earth, forming a kind of Pap or lacteous Sub- 
ſtance, which being filtered through the ſeveral Branchings of the ſeminal 
Root, are conveyed thro* the two ſmall Tubes a and b, Fig. 430, into the 
Bud, which is gradually repleniſhed therewith. When theſe ſeminal Roots 
have communicated all the Nouriſhment of the Lobes to the young Plant, 
they begin to wither, together with the Skin that covers them; the Stem 
« Radicle then alſo begins to take Root in the Ground for its future Sub- 
iſtance. . 


Tr ct I. 
The Coats of the Seeds. 


H OW it was in its State of Vegetation hath juſt been ſhewn ; it re- 
| mains then to enquire into its State of Generation; for what in the 
other State was not apparent, or intelligible, will in this occur; and here 
alſo we ſhall find a large Field for the Employment of the Microſcope. 

The two general Parts of the Seed are its Covers and Body, The Co- 
vers in this State are uſually four; the outermoſt, which is called the Caſe, 
and is of various Forms, ſometimes a Pouch, as in Naſturtium, Cochlearia, 
Kc. 4 Cod, as all Pulſe; ſometimes parted as Sorrel, knotted Graſs, &c. 
The two next are properly the Coats, in a Bean eſpecially, and the like; 
from whence the Denomination may run to the correſponding Covers of 
other Seeds; their Figures are ſometimes kidneyed as Alcea, Bebn, Poppy; 
triangular, as Polygonatum, Sorrel, &c. ſpherically triangular, as Mentha, 
Meliſſa, &c. circular, in Leucoium, Amarantbus; globular in Napus, Aſpe- 
frula; oval in Speculum Veneris, Tithymalus ; ſemi-globular in Coriander, 
| ſemi-oval in Ariſe, Fennel, pirimidal in Geranium Altheefol, with many 
other Differences. 79 1 eie 

Sometimes gliſtering, as in Venus Looking-Glaſs, rough caſt in Catanance, 
ſtuded in Beben, Blataria; favous in Papaver, Antirrbinum, Lepidum, 
annum, Alcea-Veſicaria, Hyoſcyamus and many more, * before the Seeds have 
lain long by; pounced in Phalangium Crete, Lithoſpermum ; ramified in Pen- 
taphyllum fragiferum erectum majus, reſembling the Fibres of the Ears of the 
Heart. | 5 


All Seeds have their outer Coats open, as in Beans and Pulſe, as before 
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ſhewn, or elſe by breaking off the Seed from its Peduncle or Stool, as in 
Cucumber, Chicory, &c. or by the Paſſage of a Branch or Branches, not 
only into - Concave near the Cone or Top of the Seed, but through the 
Cone itſelf. OFT PO | 

The fourth or inmoſt Cover, is called the Secondine, a Sight of which 
may be obtained by cutting off the Coats of an Infant Beus in very thin 
Slices, at the Cone thereof, if not broke, it is tranſparent; if torn, it ga- 
thers up into the Likeneſs of a Jelly. In large old Beans it is not to be 
diſtinctly ſeen, but in moſt Seeds it may, even when full grown, as in Cu- 
cumber, Colecynthis, Burdock, Carthamum, Gromwell, Endive, Mallows, &c. 
though in theſe it is generally thin and difficult to be diſcovered, yet in 
ſome Kernels, as Apricocks, it is very thick, and remarkably fo in ſome 
other Seeds. | | es 

The Concave of this Membrane is filled with a moſt tranſparent Liquor, 
out of which the Seed 1s formed, as appears on cutting an Infant Bean, or 
better in a young Walnut. — 

Through this Membrane, the hgnous Body or Seed-Branches, in the inner 

Coat, ſhoot down in two ſlender Fibres, near the Baſe of the Radicle, one 
into each Lobe of the Bean, and there ſpread into a great many Ramifica- 
tions, which convey the Juices on the Vegetation of the Seed, into the Ra- 
dicle and Plume, as before deſcribed. 


- Sx e r. IV. 
Of the Seed Caſes or membraneous Uterus. 


HE Seed Caſe is a kind of fleſhy Uterus, growing more moiſt and 

pulpy as the Seed ripens, but the Caſe itſelf whether called Cod, Pod, 

or by any other Name, is a membraneous Uterus, which grows more dry 

and hard as the Fruit ripens. In ſome the Seed Caſe is originally open, 

in others it opens when the Seed is ripe, and in others not at all till the Seed 
is ſown. „ 

Garden Radiſb- Seed breaks within as it ripens into ſeveral white dry Mem- 
branes, round about the Seed. Near the Sides of the Caſe run a Pair of 
vaſcular Fibres, from which branch forth ſeveral ſmaller Fibres, fome to- 
wards the Sides of the Caſe for their Support, and others towards the Cen- 

ter thereof upon which the Seeds hang, Fig. 431. 
Of thoſe which open as ſoon as the Seed is ripe, ſome open at the Top, 
as Poppy Heads, Fig. 432, others on the Side, as moſt Cods; and ſome at 
the Bottom as Coded Arſmat, Fig. 433. the Poppy Head is divided by eight 
or ten Partitions into as many Stalls, and on both Sides the Partitions hang 
a moſt numerous Brood of Seeds. | 
POT j of 
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Of thoſe which open on the Side, ſome open on one Side, ſome on both, 
— with three Sides, ſome more, and others horizontally, or round 
ut. | | 
The Cod of a Garden Bean opens on one Side, and hath a two-fold Pa- 
renchyma ; in the outermoſt ſtands all the Veſſels in ſeveral Parcels, from 
one of which, being larger than the reſt, and at the Back of the Cod, ſhoots 
forth theſe leſſer Veſſels whereon the Beans grow ; the inner Pulp is wholly 
compoſed of Bladders, in which many of thoſe Threads whereof the Blad- 
ders are wove, are fo looſe, as to be eaſily drawn out to a conſiderable 
Length, and are very viſible when applied to the Microſcope. 
The Seed Caſe a bed, of yellow Henbane, Fig. 434, opens on both Sides, 
from its Top at a, grows a Stem, which diminiſhes as the Caſe ſwells, and 
at laſt falls off. On the Sides of the Caſe run two oppoſite vaſcular Fibres, 
and as the Caſe gradually increaſes, it as gradually ſeparates on both Sides in 
the Tract of the aforeſaid Fibres as at b. The Caſe is lined with a ſmooth 

thin Skin, in whoſe Center is a great Parenchymous Boſs c, being the Bed 
of the Seeds which lie all over as in a Strawberry; throughout this Bed the 
Veſſels d, for the Generation and Nouriſhment of the Seed are diſtributed, 
as may be ſeen in the tranſverſe Section thereof at d, in which a very ſmall 
HS thooting from the direct Fibres obliquely into each Seed is plainly 
viſible. | * 

The Seed Caſe of a Tulip, whereof a, repreſents the Caſe intire, b is a 
tranſverſe Section of it, and c the Caſe ſplit down. Fig. 433, it opens on 
three Sides, from the midſt of each proceeds a Partition, all meeting in the 
Center of the Caſe, and making ſix Diviſions for the Seed. The Veſſels are 
curiouſly diſpoſed after they rife above the Stalk, being at firſt divided into 
three principal Branches, running along the three Angles of the. Cafe, from 

which divers lefſer Branches tend horizontally, and meet at the Middle of 
each Side; whence they proceed through the Breadth of each Partition to 
their Edges, in the Center of the Caſe, where they are again diſtributed 
into very fine and ſhort Threads, whereon the Seeds hang. | 
© The Seed of Anagallis or Pimpernel, Fig. 436, is a little Globe opening 
| horizontally into two Hemiſpheres, the uppermoſt falls off when the Seed 
is ripe, and fo the Wind fows them. + 

The Seed-Caſe of codded Arfmat, Fig. 433, neither opens at the Top 
nor on the Sides, but at the Bottom, being compoſed of four Sides, in the 
Center of the Caſe is a Column a, upon which the Seeds hang looſely. 
From this Mechaniſm that violent Ejaculation of the Seed is intelligible, 
which is not a Motion in the Seeds thentſetves, but contrived by the Struc- 
ture of the Caſe, the Seeds hanging very looſely, not on the Sides of the 
Caſe, but on the Stem in the Center thereof, with their thickeſt Ends down- 
wards, ftanding ready for a Diſcharge ; the Sides of the Caſe being lined 
with a ſtrong Membrane, they perform the Office of fo many little Bows 

. 2 remain- 


1 / Vegetables. 


remaining faſt at the Top b, are let off at Bottom, and forcibly curl 
upwards and drive all the Seeds before them. 


8 1 e T. V. 
Of the Number and Motions of Seeds. 


Ature hath procured the Propagation of Plants ſeveral Ways, but 
| chiefly by the Seed; for the Production of which the Root, Leaves, 
Flowers and Fruit do all officiate ; and according as the Plant or the Seed 
it bears is more or leſs liable to be deſtroyed, Proviſion is made for the 
Propagation of either by a greater Number of Seeds, or otherwiſe ; for 

Inſtance, the Seeds of Strawberries being gathered, or eaten by Vermin with 
the Fruit, the Plant therefore is eaſily propagated by Trunk Roots; the 

white Poppy being an annual Plant is highly prolifick, commonly bearing about 

four mature Heads, in each of which are at leaſt ten Partitions, on both 

Sides whereof the Seeds grow, and on one fourth Part of one Side, about 

100 Seeds, that is 800 on one Partition, which multiphed by 10 makes 

8000, and this multiplied again by 4, the Number of Heads, gives 

32,000 Seeds, the yearly Product of that Plant. 5 

So alſo in Typha Major, the Seeds being blown off and ſown with great 

Hazard, are prodigiouſly numerous, they ſtand altogether upon the Spike, 

and make a Cylinder at leaſt ſix Inches long, and near + of an Inch in Di- 

ameter. Nine of theſe Seeds ſet cloſe together upon a Right Line make 

but the Eighth of an Inch, ſo that 72 make a Line of an Inch in Length; 
but becauſe upon the Spike, the Hairs belonging to the Seed come between 
them, we will abate 10, and count but 62 ; to which if + be added (abating 
the Fraction, viz. 46.) makes 108, for the Circumference of the Cylinder, 
which being ſix Inches long, there are 6 Times 62 for a Line the Length 

of the Cylinder, which is 372; which Number being multiplied by 108, 

produceth 40176, the Number of Seeds that ſtand upon one Stalk : There- 

fore upon three Stalks which one Plant commonly bears, there are in one 

Year 120,528 Seeds. . | 

As ſoon as the Seed is ripe, Nature taketh ſeveral Methods for its being 
duly ſown, not only in opening the Uterus, but alſo in the Make of the 

Seed itſelf; for firſt the Seed of many Plants which effect a peculiar Soil, as 

Arum Poppy, &c. are heavy and ſmall enough without further Care to fall 

directly down into the Earth, and ſo to grow in the ſame Place where they 

had their own Birth, But if the Seeds are ſo large and light as to be ex- 

poſed to the Wind, they are often furniſhed with one or more Hooks, to 

prevent their wandering too far from their proper Place, till by the Fall of 
Leaves or otherwiſe, they are ſafely lodged. The Seeds of Avens _ — 
| ingle 
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ſingle Hook, thoſe of Agrimony and Gooſe-Graſs many, both the former 
loving a warm Bank, and the laſt a Hedge for its Support ; on the con- 
trary, divers Seeds are furniſned with Wings or Feathers, partly with the 
Help of the Wind to carry them when ripe from off the Plant, as thoſe of 
Aſp, Maple, Orach, &c. leaſt ſtaying thereon too long, they ſhould either be 
corrupted, or miſs their Seaſon, and partly to enable them to make their 
F light more or leſs abroad ; that by falling together, they may not come 
up too thick, and if one ſhould eſcape a good Soil or Bed, another may 
light thereon. The Kernels of Pine have Wings, not unlike thoſe of ſome 
Inſects, but very ſhort, in reſpect of the Weight of the Seed, they do not 
fly into the Air, but only flutter about upon the Ground ; thoſe of Typha, 
Dandelion, and moſt of the papous Kind, with many more, have very long 
and numerous Feathers, by which they are wafted every where, and to 

any convenient Diſtance. 
Some Seeds are ſcatter'd, not by flying abroad, out by being ſpurted a- 
way as Wood Sorrel, Fig. 437. which is effected by a white, thick and ſtrong 

Cover of Tendons of a ſpringy Nature, in which the Seed within its Caſe is 
incloſed. This Cover, as ſoon as it begins to dry, burſts open in an Inſtant 
on one Side, and is violently turned Inſide out, and ſo ſmartiy throws off 
the Seed. 

The Seeds of Harts Tongue, Fig. 439. and all that Tribe, are lung or 
ſhot away by a curious Contrivance in the Seed Caſe; as in Coded Arſmart, 
or other like Plants, only there the Spring moves and curls up inwards, but 
here it moves outwards ; every Seed Caſe ſtands upon a little Pedicle, 
a a a, Fig. 439. being of a filver Colour, and of a ſpherical Figure; it is 
girded about with a ſtrong Tendon or Spring a, (whoſe Surface reſembles 
a fine Screw, of a golden Colour, which breaks the Caſe, immediately up- 
on its becoming elaſtick enough) into two hemiſpherical Cups, as at b c, 
and by that Means ſling off the Seeds. Theſe Caſes grow in Furrows, d e, 
de, de, on theBack of the Leaf, as at Fig. 438. in one of which of an 
Inch long are more than 300 af the above-mentioned Caſes ; and allow- 
ing 10 Seeds to every Caſe, makes 3ooo Seeds; which multiplied by the 
Number of Furrows in one Leaf, with Allowance of the leſſer Furrows, and 
that Sum by the Number of Leaves commonly growing upon one Root, a- 
mounts to above a Million of Seeds, the annual Product of this Plant. The 
Seed is of a tawny Colour, flat and ſomewhat oval ; of theſe ten thouſand 
are not ſo big as a white Pepper Corn. Fig. 439. repreſents a few of 
the Seed Caſes magnified ; they were cut out of the Furrow at f, in the 
Leaf repreſented by Fig. 438. 

Divers notable Means of Semination are obſerved by other Authors; Mr. 
Ray tells us, that a Quantity of Fern Seed, laid in a Lump, on a Paper, 
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the ſeminal Veſiculz are heard to crackle, burſt, and, by the Microſcope, 
the Seeds are ſeen to be projected to a conſiderable Diſtance from each other. 

Dr. Sloane obſerves, that the Gentianella flore cæruleo, or Spirit Leaf, re- 
quiring wet Weather to be ſown in, as ſoon as the leaſt Drop of Rain touches 
the End of the Seed Veſſels, with a ſmart Noiſe, and a fudden Leap, it 
opens itſelf, and with a Spring ſcatters the Seed. 

Other Plants ſow their Seeds by inviting Birds by their agreeable Taſte 
and Smell, to feed on them, ſwallow them, and carry them about; thereby 
alſo fertilizing them, by paſſing through their Bodies. In ſuch Manner are 
Nutmegs and Mizzletoe fown and propagated. 


Sx cr. VI. 
the Covers of the Seeds. 


HE next Step which Nature takes, relates chiefly to the Growth of 

the Seed, when ſown, and for this Purpoſe the outer Covers are 
ſorhewhere furniſhed with Apertures, ſufficient for the Reception of ali- 
menta] Moiſture, to be received from the Ground, and for the ſhooting 
forth of the young Root into it; as in the Seed of a Gourd at the Bottom, 
in a Beax on the Side, and in a Cheſnut at the Top, in which Place the 
young Plant always lies, and puts forth in the faid ſeveral Seeds. The 
Seed of Paimi Chrifti falls to the Ground, not only in the uſual Covers, 
but alſo in the ſaid Caſe. 

If the Cover of the Seed be ſtony, and very hard, it is divided into ſe- 
veral Pieces, whereby they eaſily cleave aſupder : The Shell of a Hazel Nut, 
divides on the Edge, and the Cleft 
ſtands and ſhoots forth; the Shells of ſome Walnuts cleave into four Parts, 


and the Stone of Bellerick Myrobalan into five: The Covers and Huſks of 


fome Sorts of Grain, as Millet, are folded over each other, the better to give 
Way to their tender Sprouts. 

The Covers of all, or at leaft the far greater Number of Seeds, are three, 
and ſometimes four, even thoſe of ſtoned Fruits have rhree, beſides the 
Stone; in Gofſiptum there are two under that lind with Cotton. The Seeds 
of Cucumbers, Goat's Beard, Broom, Scabious, Lattice, &c. although fo 
ſmall, have plainly three Coats; in ſome of theſe, and in many more, 
only two are diſtinctly viſible, except in the State of Generation. In the 

upper Coat the Seed Veſſels are diſſeminated; the ſecond is at firſt a mere 
Pulp, which afterwards ſhrinks up, and ſticks cloſe to the upper. The third 
or inmoſt more denſe; and if it be thin, for the moſt Part tranſparent E 


whereby the Seed ſeems to be ſometimes naked while it lies therein, as in 
Almonds, ets &c. 
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In Meliſſa, and ſome other Seeds, it comes finely off, on being ſoaked in 
warm Water. 


I ECT VL 
Of the Feetus, or true Seed. 


Ang Seeds of the thinner Covers are thoſe of all Sorts of Corn and 
Graſs, different from that of moſt other Seeds. The main Body 
being of one entire Piece, doubled in the Form of a Pair of Lips. In the 
Seeds of Dates, and ſome other like Plants, that which is generally called 
the Stone, ſeems indeed to be the main Body of the Seed, doubled or fold- 
ed up in the ſame Manner as Corn, to which that Part which becomes the 
Plant 1s annexed. In Corn it is placed in the Bottom of the main Body, but 
here in a ſmall round Cavity in the Middle of the Back. 

For the moſt Part the main Body is divided into two Lobes, plainly to 
be diſtinguiſhed in moſt Kernels, and other large Seeds, and not difficult in 

many leſſer ones, as in Viola- lunaris, Seabious, Doves-Feet, &c. if ſlipped 
out of their Covers before they are full ripe; in Hounds Tongue they are of a 
circular Figure ; in Cucumbers, oblong, with ſome viſible Branches of the 
ſeminal Root, &c. 

In the foregoing Seeds, the Lobes lie flat one another, but in 
Garden Radiſb they are folded up, ſo as to receive che Radicle into their 
Boſom. In Heoly-Oak the Lobes are plaited over each other. In Cotton 
Seed they are very broad and thin, and their Folds curious and very 
numerous. 

Many of the Seeds, with bulky Covers, are not divided into two Lobes, 
being in a Manner of one Piece, as all the bulbous Kind: In Hag it is above 
20 times bigger than the Seed within it, and conſiſts of Bladders ra- 
nen towards the Seat of the Seed, and theſe diſpoſed in parallel Lines 

running lengthwiſe. 

But the greateſt Number of Seeds with bulky Covers, are divided into 
two Lobes. In the purging Nut of Angola, if the Shell be taken off, the 
upper Covers, [dried-and ſhrunk up] ſeem to be but one: In theſe the 
ſpermatick Veſſels are branched, and under them the thick and inmaſt 
Cover; which being cut down the Middle; thereof, ſhews the true Seed, 

conſiſting of two veined Leaves, as white as Milk, joined ragether with the 
Stem or Radicle at their Baſe, and ſunk into a Hollow made in the Cover. 

The ſame is alſo obſervable in the Aae Nuts, Ricinus, Americanus, and 
ſome other Indian Fruits. 

In the foregoing Fruits, the Bulky is very ſoft, but in Nur Yonica Offici- 
narum, it is nearly as hard 3 in this, and the foregoing, the 
$ 
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Seeds are large, but in others are ſo ſmall, that they are ſcarce diſcernable 
without a Microſcope, as in Staphiſagria. The thick or inmoſt Cover is 
conical towards the Baſe, at whoſe Point is a little Cavity where the Seed is 
lodged ; the Root thereof pointed, and Lobes rounded at the Top. In 
Peony the ſame Cover is Toft, white, and of an oval Figure, the Part uſed 
for Medicine, is thought to be the Seed itſelf, but is near 200 times bigger 
than the true Seed; which hes in a little Cavity near the Bottom of the 
Cover, with a blunt Root, and two pointed Lobes. 

In Coffee-Berries, the Seed lies in the inner Cover, near the Top; the 
Back of the Lobes are veined like two minute Leaves, and joined to a long 
Root. 

The Seed of Stramonium is incloſed in a bulky Cover, which being ſoak · 
ed in Water, and carefully cut about the Edges with a ſharp Razor or Pen- 
knife, its Seed may be taken out entire, and examined by the Microſcope. 


S.CT. VIII. 
Of the Buds of Seeds. 


1 Stalk of the Plant riſes up from between the Lobes, which may 
always be ſeen, in ſome by the naked Eye, and in others by the Mi- 
croſcope; in many Plants Nature ſees fit only to lay the Foundation there- 
of in a round Node, as in Viola luniaria, &c. 
But in moſt Seeds is formed a true Bud, conſiſting of perfect Leaves, in 
ſome two, others four, Cc. In Bay- berry only two, very ſmall, but thick, 
and finely veined; in the Seed of Carduus Benedictus, they are alſo two, 
pointed at Top, and ſituate a little Diſtance from each other, for the two 
next to riſe up between them. 

In ſome Herbs, although the Bud conſiſts but of two perfect Leaves, yet 
they are very conſpicuous, not only in the larger Seeds, as Pheſcolus, or 
French Beans, but in ſmall ones two, if examined by the Microſcope, as in 
the Seed of Hemp. AB, Fig. 441. in which the two Leaves are lated, 
and ſet Edge to Edge, c ſhews the other Part of the Seed which was ſepa- 
rated to lay the Bud fair to View. In the Seed of Senæ, the Bud hath four 
Leaves : In the Seed-Bud of an Almond C, D, Fig. 442. there are fix or 
eight, and ſometimes more diſtinct Leaves viſible, if by a dextrous Separa- 
tion of the Outer, the Innermoſt are laid open, they are folded inward one 


over the other, as appears at D, which repreſents them open, and at C 
the ſame Seed-Bud is ſeen ſhut. 


The Lobes of the Seed, and fo likewiſe the Stalk. and Bud, conſiſt of a 
Skin, Parenchyma and branched Veſſels, as before deſcribed ; all which 
are apparent to an Eye armed with a Microſcope. 
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The firſt Skin, as in French-Beans, may be eaſily ſeparated from the Pa- 
renchyma, eſpecially if the Bean be ſoaked in Water for ſome Days, it will 
flip eaſily off, and will be found to conſiſt of Bladders, ſmaller than thoſe 
of the Parenchyma, and intermix'd with a kind of lignous Fibres which give 
a Toughneſs to the Skin. The branched Veſſels run through the Parenchyma, 
and compoſe the ſeminal Root in the Lobes, being no where extended to 
the Circumference of the Lobes, but are all inoſculated together at a con- 
ſiderable Diſtance from it; all meeting therein in one ſolid Nerve, but in 
the Stalk are dilated into an hollow Trunk, filled with a Pith compoſed 
of Bladders, which in the Stalks of French Beans is very conſpicuous; they 
conſiſt of Sap and Air Veſſels as the other Parts of a Plant, not running 
collateral, the latter being ſneathed in the former, and are plainly viſible in 
the Microſcope. Z | 


. 
Of the Generation of the Seed. 


\ Sa Garden Bean was choſe to ſhew the Manner of the Seeds Vegeta- 
tion, ſo an Apricock is very fit to obſerve and repreſent the Me- 
_ thod Nature takes in its Generation. | | | | 
A proper Uterus is firſt prepared, both to keep the Membranes of the 
Fœtus warm and ſucculent, and to preſerve and ſecure it afterwards till it 
takes Root in the Ground. For this Purpoſe both the Pulp and Stone of 
the Fruit are neceſſary ; but firſt the Stone, the Pulp being only neceſſary 
to form the Stone, the petrifying of that Parenchyma which is the Ground 
of the Stone, being effected by the ſinking of the Tartar * thereinto ; for 
It is evident on cutting a young Apricoct, and then with a ſharp Razor 
ſhaving off a thin Slice, and viewing it through the Microſcope, that at firſt _ 
the Ground of the Stone is a diſtin& and ſoft Parenchyma, compoſed of 
|  Bladders, as the Pulp itſelf is, which Bladders, as it hardens into a Stone, 
fill up and diſappear. | 3 Tn | 
This Parenchyma takes its Riſe from the Pith, as the Pulp does from 
the Bark, and compoſes the greateſt Part of the Stone ; its Inſide 1s lined 
all over with a thin Skin, covering the Seed Branch on its firſt Entrance into 
the Hollow of the Stone; which Skin is alſo compoſed of exquiſitely ſmall 
Bladders, by which Means it ſoon becomes a very hard and dry Body. 
The Stone being made hard and dry, could never be ſufficiently ſoftned 
(to give Paſſage tor the Vegetation of the Seed) by lying under Ground, 
did it not eaſily cleave in two; for which Purpoſe the Skin of the Fruit is 


* Grew. Au. of Plants, p. 209. Tem 
a imme- 
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immediately concerned; for in a tranſverſe Slice of a young Apricock, if it 
be cut with a ſharp Knife, this Skin may be ſeen (when applied to the Mi- 
croſcope) fairly doubled inwards from the two Lips a b, a b, of the Fruit, 
Fig 443 and 444, and from thence continued through the Pulp and Stone 
itſelf into the Hollow thereof, where it meets and is united with the Linin 

before: mentioned; and as it conduces towards the drying of the Stone, fo 
alſo it renders it cleaveable in that Part where it runs through it. 

Nature having thus provided a convenient Uterus, her next Care is about 
the Membranes of the Fœtus, theſe are three apparently diſtinct, and in 
many Reſpects different from each other. | 

The firſt of theſe, Fig. 443. repreſents a tranſverſe Slice of a young Apri- 
cock near the lower End, ſhewing the Duplicature of the Skin half Way 
through the Stone. Fig. 444. a tranſverſe Slice cut through the upper End, 
ſhewing the Duplicature of the Skin quite through the Stone ; and at a b, 
Fig. 446. is ſhewn the Branches which run through the Stone to the Flower 
and Seed, in a well grown Apricock cut Lengthwiſe. 

The outermoſt of theſe Membranes takes its Riſe from the Parenchyma, 
and ſurrounds the Seed Branch, and upon its Entrance into the hollow of 
the Stone is expanded into two Bladders, one within the other; whereof 
one becomes the Lining of the Stone, the other the outer Membrane, and 
is beſt ſeen on cutting a young Apricock when it is about half an Inch lon 
through the Middle, or from the Seat of the Flower to the Stalk, between 
the two Lips ab, Fig. 443. Ar this Age the outer Membrane hath a full 
and firm Body, and is compoſed of Bladders, as may be plainly ſeen on its 
Application to the Microſcope. 

The Veſſels contained in the Seed Branch, are diſtributed throughout 
this Membrane, beginning a little below its ſmaller End, and running 
round both Ways, meet in the Middle of the greater, where they are all 
inoſculated and form a kind of umbelical Node, as at a, Fig. 445. from 
whence they ſtrike deeper into it till they arrive at the middle Membrane, 
where they become inviſible ; theſe Veſſels convey the Sap to the middle 
Membrane, whoſe Bladders are more angular and amplified towards the 
Center, being at leaſt two hundred“ Times bigger than thoſe of the outer 
Membrane. 

This middle Membrane is fo called from the State and Condition it hath 
upon the Augmentation of the Seed, at which Time it obtains the Name 
of an Involucrum , but originally is every where entire without any Hol- 
low, filling up the Cavity of the outer Membrane like a ſoft and delicate 

Pulp. After a ſhort Time a ſmall Channel appears therein, running from 
the Bottom to the Top; at firſt no wider than to receive a human Hair, 
and then only viſible in a tranſverſe Slice, and that not without a Micro- 


Freu. An. Plan, p. 210. Þ+ bid. 
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ſcope; but when grown a little wider, may be ſeen if the Membrane be care. 
fully cut Lengthwiſe, at which Time it is dilated into two oval Cavities, 
e f, Fig. 446. one at each End, into which a moſt pure Lympha continu- 
ally owzeth, and is therein reſerved for the Nouriſhment of the Seed, and 
alſo paſſes freely from one to the other. | 

A few Days after this, the inmoſt Membrane begins to appear like a ſoft 
Bud growing out of the upper Cavity, being joined to its lower End by a 
ſhort and tender Stalk ; from whence it is produced into a conical oval Figure, 
anſwerable to that marked g in the Cavity, Fig. 447. This Membrane, 
though ſoft and full of Sap, is compoſed of Bladders, three hundred Times 
| ſmaller than thoſe of the middlemoſt, by which Means the Seed is fo well 
guarded, as not to be ſupplied with any other Part of the Lympha but the 
pureſt, and that only but by flow Degrees. 

If with a ſteady Hand this Membrane be pulled very gently upwards, it 
will draw a ſmall tranſparent String after it to the Bottom of the middle 
Membrane: This ſaid String, though for the greater Part parenchymous, 
is nevertheleſs ſtrengthned with ſome lignous Fibres, which ſeem to be a 
Portion of thoſe that are inoſculated at the Bottom of the outer Membrane, 
and thence produced through the middlemoſt under the Channel which joins 
the two oval Cavities, till at laſt they break forth into the upper Cavity, 
where they form this inner Membrane, which is originally as entire as the 
middlemoſt ; but as it increaſes, becomes a little hollow near the Cone, and 
the aforeſaid lignous Fibres fetching their Compaſs from the Baſe, ſhoot 
forth into the Cone, and make a very ſmall Node therein, for the firſt Eſ- 
ſay towards the Generation of the Seed, as at h, Fig. 448. which are ſpun 
out to the utmoſt Degree of Fineneſs for that Purpoſe. In this Figure the 
inmoſt Cover is laid open to ſhew the Seed itſelf. 

When this Node is grown to about the Size of the fifth Part of a Cheeſe- 
Mite, it begins to be divided by a little Indenture towards the Top, as at k, 
Fig. 449. which gradually grows deeper till the Node is diltinguiſhed into 
Lobes or thick Leaves; and as theſe increaſe, their Baſe is contracted into 
the Radicle, or that Part of the Seed which becomes the Root; at this Time 
the Seed is ſo extremely ſmall, that the Lobes cannot be ſeparated; but it 
is probable, that as ſoon as the Radicle is finiſhed, the next Step is the puſn- 
ing forth another Node between the Lobes, in order to the Formation of 
the Bud, and ſo the Perfection of the Seed. | , 

This being done, or in doing, the Stalk of the Seed 1s more and more 
contracted at Bottom, and hangs at the inner Membrane only by an ex- 
tremely ſmall and ſhort Ligament m, Fig. 450. which at laſt breaks; and 
then the Seed, as Fruits when ripe, falls off and lies looſe in the inner 
Membrane, which gradually ſhrinks up and becomes more hollow to make 
more Room for the farther Growth of the Seed. | 

In Malpigbi's Life was a Debate between him and Seignior Triumpbetti, 

| Aa 2 Provoſt 
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Provoſt of the Phyſick Garden at Rome, whether the whole Plant be actually 
contain'd in the Seed? The Affirmative is maintain'd by Malpigbi with co- 
gent Arguments; among which this is one, that in a Kidney Bean, ere 
Town, the Eye, aſſiſted with a Microſcope, eaſily diſcovers Leaves, a Bud, 
and even the Knots or Implantation of the Leaves on the Stem. The Stem 
itſelf is very conſpicuous, and plainly conſiſts of woody Fibres, and Series's 


of little Utricles. Whereas Seignior Tr:umphetti had objected, that by Po- 


verty, Tranſplantation, &c. ſeveral Plants degenerate into others, particu- 
larly Wheat into Tares, and Tares again into Wheat ; in Anſwer to this, 
which is one of the ſtrongeſt Objections againſt that Opinion, Malpight re- 
plies, that he is not fully ſatisfied as to the Truth of the Objection; for that 
both himſelf and his Friends making the Experiment, no Metamorphoſis 
of the Wheat ſucceeded : But granting the Metamorphoſis, it is the Soil, 
or the Air, or the Culture is in Fault. Now, therefore, from a morbid, 
and monſtruous Condition of Nature, there is no inferring her genuine and 
permanent State. 

That Experiment related in the following Section, of the Orange Kernel, 
which Mr. Leeuwenboek made to germinate in his Pocket, is a plain Demon- 


ſtration, that the Plant and all that belongs to it, was actually in the Seed 
itſelf. | Ss > | 


Sn r. 
Of the Seed of Oranges. 


HE Proceſs of Nature in the Vegetation of Plants, is very accurately 
＋ deliver'd by Mr. Leeuwenhoek, to the Effect following, by an Orange 
Kernel which he made to germinate in his Pocket, viz. 
The Kernels of Oranges being diveſted of their outer Membrane, will a 
pear as Fig. 4.51. on one Side of which lies a String a, which cauſes a little 


Protuberance in the firſt Skin; from this String, not only the Seed, but 


alſo the Plant within it, receive their Increaſe and Nouriſhment, and to 
which through the ſecond Membrane, it extends its ſmall Veſſels to the 
Seat of the Plant. Mr. Leeuwenboek was of Opinion, that this String does 


actually comprehend in itſelf, as many diſtinct Veſſels as are to be found in 


the Orange-Tree when arrived at its full Maturity *. For, ſays he, if all 
theſe Veſſels were not in the young Plant, whilſt it lies involved in the Ker- 
nels Matrix, whence could they afterwards proceed ? Fig. 452. repreſents 


Part of the fame String, cut a- croſs, and greatly magnified, which at K L 


MN, has Abundance of exceeding ſmall Veſſels, but very difficult to be 


* Phil. Tranſ. No. 287. 6 = 
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perceived. About I H N M, they grow larger, and conſequently are more 


viſible. B, Fig. 453. repreſents a Seed diveſted of its Membranes, which 
ſeemed to have but one Plant within it, tho' often there is two, and ſome- 


times three diſtinct Seeds with their Plants contain'd under the Membrane 
of an Orange Kernel; theſe Seeds, with their incloſed Plants, are eaſily di- 


vided into two Lobes ; which are framed by Nature, to nouriſh the tender 


Plant within, till it is able to ſtand alone, and draw its Subſiſtence from the 


Earth about it ; having ſplit the Seed into two Parts, they are repreſented 
by C and D, Fig. 453. in the firſt, is Part of the Plant, which would have 
become a Tree, and 1s no bigger than a Grain of Sand to the naked Eye. 
The Counterpart of the ſaid Kernel is repreſented at D, with the Concave, 
in which Part of the Plant lay. Fig. 454. repreſents the laſt mention'd 
Plant, as it appear'd in the Microſcope, whereof Q LM is partly that 
which Nature intends for the Body and Root of the Tree; MN OP the 
Leaves with which the young Plant is already provided, O P that Part of 
the Leaves which is ſomewhat protuberant, by Reaſon of the ſmall incloſed 
Leaves, MN, and PQ ſhews the two Sides of the Plant torn off from 
the Kernel, to which it was united, and from which it received its Nou- 
riſnment. Fig. 455. S T V, ſhews the ſame Plant a little turned about 
before the Microſcope, in order to repreſent the two largeſt Leaves, between 


which, according to all Appearance, a great many ſmall ones are ſhut up. 


If the Leaves be cut a- croſs, ſome of the included ones may ſometimes be 
diſcerned, and on cutting that Part of the Plant which is to be the Body 
and Root of the Tree, that which was deſigned for the Pith, and even the 
Wood itſelf may be diſcover'd. | | 

Fig. 456. ſhews the Root when the Plant vegetates, T V and W X the 
two Halves of the Kernel, and Y that Part which is to become the Body 


of the Tree. 


Fig. 457. repreſents the young Plant of 12 Days Growth, whereof A CD 
ſhews the Root, and F G that Part which is to be the Tree, D E the Seed 
or Kernel, which being ſurrounded with its Membrane, which was taken off 
the better to expoſe thoſe Parts to view, that ſerve for the Nouriſhment not 


only of the Root, but of the upper Parts of the Plant likewiſe, as alſo the 


ſhort String D. Thus we may ſee how ſmall a Particle, that is no bigger 
than a Grain of Sand, * as the Plant was at firſt, is increaſed in Bulk! and all 
this is brought about by Heat and Moiſture, it being rais'd to this Degree 
of Perfection, in ſome Sand firſt moiſtened, and then incloſed together with 
the Seed, in a Glaſs Tube, wore all Day in the Pocket, cloſe to the Body, 
and at Night, placed within a large Tin Bottle, filled with hot Water, 
which is a plain Demonſtration that the Plant, and all that belonged to it, 
was actually in the Seed; that is to fay, not only the young Plant, its 
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Body, Root, and Fruit, but even its Seed alſo, to perpetuate the Species; 
as hath been before obſerved. 

Mr. Leeuwenhoek comparing the Animalcula in Semine Maſculino ;, and 
theſe Plants, computes them to be 1,000,000 times ſmaller than a Plant in 
an Orange Kernel; and tho we cannot make our Obſervations of the Growth 
and Increaſe of the ſaid Animalcula from Time to Time 1n their Mother's 
Matrix; yet we may certainly conclude, that the Laws which the wiſe Creator 
of all Things hath preſcribed to himſelf, in the Production both of animate 
and inanimate Creatures, are homogeneous and uniform; and that as the Earth 
is the common Matrix of Plants, ſo is the Fallopian Tube in moſt of thoſe 
Animals that are formed Ex Semine Maſculino; for as theſe receive their Nou- 
riſhment, and increaſe by a String, till they are brought into the World; 
lo are all Seeds (at leaſt as far as we know) ſupported and nouriſhed by a 
like String; and the Seeds thrown into the Ground, do again, by the ſame 
String, whereby they received their Increaſe, convey Nouriſhment to the 
Seed or Kernel. TN 


S'R- CT. AL 


F the Seeds ff Venus Looking-Glaſs, or Corn 
Violets. 


1 IG. 458. repreſents one of the Seeds of Corn. violets; the Seed is very 
5 ſmall, black, and ſhining, and to the naked Eye looks almoſt like 
a very ſmall Flea, but through the Microſcope appears to be covered with a 
tough, thick, and bright, reflecting Skin, very irregularly ſhrunk, and pit- 
ted, that it is almoſt impoſſible to find out two of them wrinkled alike, ſo 
great a Variety there is even in this little Seed. 


„ 
Of the Seeds of Thyme. 


HESE little Seeds, although they differ ſomewhat in Figure and 
Bulk, yet when looked at through the Microſcope, all of them exactly 
reſemble a dried Lemon, one of which is repreſented at Fig. 459. ſome of 
them are a little rounder, and of the Shape of an Orange. They have each 
of them a conſpicuous Part, by which they are joined to their little Stalks, 
they are a little creaſed or wrinkled, as is expreſſed in the Figure. 


SECT. 
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S x e T. AL 
Of the Seeds of Poppy. 


PO Seeds, one of which is repreſented in Fig. 460. deſerve to be taken 

Notice of among the other microſcopick Seeds of Vegetables; both for 
their Smallneſs, Multiplicity, and Prettineſs, and alſo for their admirable 
ſoporifick Quality, although they grow in a very large Caſe, yet are they 
ſo ſmall, as not to exceed the Bulk of a very ſmall Nitt, being not above 
r Part of an Inch in Diameter; whereas the Seed Caſe oftentimes exceeds 
two Inches, and is therefore capable of containing near two hundred thou- 
ſand of them. They are of a browniſh colour'd Red, curiouſly Honey- 
comb'd all over with a pretty Variety of Net-work, or a ſmall Kind of 
Emboſsment of very orderly raiſed Ridges. 


Sn cT. M0; © 
Of Purſlane Seed, &c. 
F HE Seeds of Purſlane ſeems of very notable Shapes, and appear 


through the Microſcope like Porcelane Shells, as at Fig. 461. It is 
coyled round in the Manner of a Spirial ; at the greater End, which repre- 


' ſents the Mouth or Orifice of the Shell, is a white, ſkinny, tranſparent 


Subſtance B, which ſeems to be the Place where the Stem was joined. Its 

whole Surface is cover'd with little Prominencies, orderly ranged in ſpiral 
Rows; one of theſe being cut aſunder with a ſharp Penknife, diſcovered the 
Shell to be of a browniſh Red, but ſomewhat tranſparent, and manifeſted 
the Inſide to be filled with a whitiſh green Pulp, the Bed wherein the ſeminal 
Principle lies inveloped. | £ 

Fig. 465. repreſents the Seed of Ben, it is ſomething like a Kidney, but 
hath its Circumference rais'd up into double Ridges, towards which ſeveral 
+ ſmall Ridges do in ſome Sort radiate from one Center. 

Fig. 464. repreſents the Seed of Chickweed, this alſo is partly like a 
Kidney, and partly like a Retort, being rough caſt with ſmall Pieces, as if 
they were Inſects with little Feet. 

Fig. 463. repreſents the Seed of Bellis Tanaceti Folio. It hath two tri- 
angular Sides, and the third conical; the two firſt have ſeveral Ridges run- 
ning to the Baſe, the Head triangular with one Side convex, the other two 
ſtreight with a little Pinnacle in the Center, | | 

Fig. 462. repreſents the Seed of Wartworth, or Sun Spurge, it is of a very 

| complex 
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complex Figure, its Belly conſiſting of two Planiconick Sides, and back 
Sphericonick. The Baſe and Head are both flat, in the Middle of the for- 
mer is a Peg, by which the Seed is faſtened, and of the latter a pointed 
Knob. The Belly-Sides is hollowed, fo as to make a flat Rim of equal 
 Breadth ; and the Hollows filled up with Bladders, like thoſe of the paren- 
chymous Parts of a Plant. | : 

There are Multitudes of other Seeds, which imitate the Forms of divers 
Sorts of Shells ;, as Sced of Scurvy-Graſs, a Kind of Purcelane Shel! , others 
repreſent ſeveral Sorts of larger Fruits, Sweet and Pot Marjoram repreſent 
Ol:ves, Carrot. Seeds are like a Cleft of a Cocoa Nut Huſt. Others are like 
artificial Things, as Succory Seeds are like a Quiver of Arrows, the Seeds of 
Aramenthus are ſomewhat like an Eye, the Skin of the black and ſhrivelPd 
Seeds of Onion, are all over knobbed like a Seal Skin, and Sorrel has a 
black ſhining three- ſquare Seed, It is almoſt endleſs to reckon up the ſe- 
veral Shapes of Seeds, they being fo many and ſo various in their Forms. 
L ſhall therefore leave them to the further Examination of the curious Ob- 
ferver. 

The Seed or Powder of the Fungus Purverulentus, or Puff-Ball, when 
cruſhed, appears like Smoak to the naked Eye, but when examined by one 
of the greateſt Magnifiers, 1s found to be infinite Numbers of little Orange 
colour*d Globules, ſome what tranſparent; in another Sort the Globules are 
of a darker Colour, each of them having a little Stalk or Tail, which are 
_ evidently ſo many minute Puff Balls, furniſhed with Stalks, to penetrate 
eaſily into the Ground, and the Miſchiefs they do the Eyes, is probably 
owing to the Sharpneſs of theſe Stalks,F which prick and wound that tender 
Organ, 1 


CHAP. XXXVI. 
Of the Roots of Plants. 
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HE Root is that Part of a Plant which immediately imbibes the Juices 

of the Earth, and tranſmits them to the other Parts for Nutrition. It 
conſiſts of woody Fibres, cover'd with Bark, more or leſs thick, and ariſes 
from a little Point in the Seed called the Radicle. 
We learn by the Aſſiſtance of the Microſcope, that Plants conſiſt of diffe- 
rent Parts, Veſſels, &c. each of which is ſuppoſed to be the Vehicle of a 
different Humour, or Juice, ſecreted from the Maſs of Sap, which is conſi- 
der'd as the common Fund of them all. 


* Phil, Tranſ. No. 284. + Derban's Phyſ. Thes. þ. 418. — 
. I muſt 
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I muſt not here omit a curious Phenomenon in the Natural Hiſtory of 
Plants, and that is, when the Radicle in ſowing happens to light loweſt, it 
is no wonder the Root ſhould ſpread itſelf under Ground, and the Stem of 
the Plant riſe up perpendicularly : But when the Radicle falls uppermoſt, 
by what Means it is that it changes its Poſition, to favour the Aſcent of 
the Stem, is one of the Wonders of Vegetation. 5 
M. Dodart firſt obſerved this Perpendicularity of Plants, and publiſhed it 
in an expreſs Eſſay of the Affectation of Perpendicularity, obſervable in the 
Stems or Stalks of Plants, Cc. A | 
The Matter of Fact is, that though almoſt all Plants riſe a little crooked ; 
| yet the Stems ſhoot up perpendicularly, and the Roots fink down per- 
 pendicularly ; even ſuch as by the Declivity of the Soil come out inclined, 
or are diverted out of the Perpendicular by any violent Means ; again re- 
dreſs or ſtrengthen themſelves, and recover their Perpendicularity, by mak- 
ing a ſecond or contrary Bend, or Elbow, without rectifying the firſt. 
A common Eye looks on this Affectation, without any Surprize ; but a 
Man, who knows what a Plant is, and how formed, finds it a Subject of 
Aſtoniſnment. | 
It has been before ſhewn, that each Seed contains a little Plant, already 
formed, needing nothing but to be unfolded ; the little Plant has its little 
Root and Pulp, which is generally ſeparable into two Lobes, and is the 
Foundation of the firſt Food the Plantule draws by its Root, when it be- 
gins to germinate, | 5 . e 
If a Seed in the Earth be ſo diſpoſed, as that the Root of the little Plant 
be turned downwards, and Stem upwards, and even perpendicularly up- 
wards ; it is eaſy to conceive, that the little Plant coming to unfold itſelf, 
its Stalk and Root need only follow the Direction they have to grow 
perpendicularly, But, 5 8 
It is very well known, the Seeds of all Plants, whether ſown of them- 
ſclves, or by the Help of Man, fall into the Ground at random ; and 
among an infinite Number of Situations, with reſpect to the Stalk of their 
Plant, the perpendicular Direction upwards is but one. N 
It is therefore neceſſary that the Stalk redreſs or rectify itſelf in all the 
other Situations, in order to find its Way out of the Ground: But what 
Force is it that effects this Change, which is certainly a violent Action? Is 
it, that the Stalk finding a leſs Load of Earth above it, goes naturally that 
Way where it finds the leaſt Obſtacle; were it ſo, the little Root when it 
happens to be uppermoſt, muſt for the ſame Reaſon follow the ſame Di- 
rection, and mount on high. : 80 
Therefore M. Dodart, ſuppoſes the Fibres of the Stalks are of ſuch a 
Nature, as to contract and ſhorten by the Sun's Heat, and rage out by 
the Moiſture of the Earth; and on the contrary, that the Fibres of the 


B b Roots 


. 
” * — 
——— — — — Th: 1 
* — a - 4 * — * — 
— — eG —— 222 © — 8 - , 
: * LES 44s 
— „ 1 - 22 IP _ 
: wn. — * ö 


that the Extremity of the Plant will be obliged to bend upwards. 
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Roots contract by the Moiſture of the Earth, and lengthen by the Heat 
of the Sun. 


Then when the Root of the Plantule is uppermoſt, the Fibres which 
compoſe one of the Branches of the Root, are not equally expoſed to the 


| Moiſture of the Earth; the lower Part is more expoſed than the uppe, 


which muſt therefore contract the moſt ; this Contraction is again pro- 
moted by the lengthening of the upper, whereon the Sun acts with the 
greateſt Force; conſequently this Branch of the Root muſt recoil towards 
the Earth, and inſinuating thro? the Pores thereof, get under the Bulb, Cc. 

By inverting —_ NO it will appear, how the Stalk comes to get 
uppermoſt, 


In a Word, we may imagine, that the Earth attradts the Root to itſelf, 


and that the Sun contributes to its Deſcent ; ; and, on the contrary, that the 


Sun attracts the Stem, and the Earth in ſome Mealure ſends it towards the 
ſame. Again, 

M. de la Hire imagines, that the Root draws a coarſer and heavier Juice, 
and the Stem and its Branches a more volatile one ; ; which Difference of 
Juices, ſuppoſes larger Pores in the Roots than in the Stalks ; therefore in 
the Plantule we may conceive a Point of Separation; ſuch, that all one 


| Side of the Root ſhall be unfolded by the groſſer Juices, and all the other 


Side by the more ſubtle ones. 

If now the Plantule be inverted when its Parts begin to unfold, the 
Juices which enter the Root being coarſeſt, when they have enlarged the 
Pores to admit Juices of a determinate Weight, thoſe Juices preſling the 
Root more and more, will drive it downwards, and this the more as the 


Root is more extended or enlarged ; for the Point of Separation, being con- 


ceived as the fix'd Point of a Lever, they will act by the longer Arm. 
Art the ſame Time the volatile Juices having penetrated the Stalk, will tend 
to give a Direction from below upwards, and by Reaſon of the Lever, will 
give it more and more every Day till it be perfectly erect, 

Mr. Aftruc accounts for Perpendicularity of the Stems, and their redreſ- 
ſing themſelves on theſe two Principals. | 

Firſt, that the nutritious Juice ariſes from the Circumſerence of the Plant, 
and terminates in the Pith. Second, That Fluids contain'd in Tubes, ei- 
ther parallel or oblique to the Horizon, gravitate on the lower Part of the 


Tubes, and not at all on the upper. 


W hence it eaſily follows, that in a Plant poſited either obl iquely or paral- 
lel to the Horizon ; the nutritious Juice will a& more on the lower Part of 
the Canals than on the upper; and by this Means inſinuate more into the 
Canals communicating there with, and be collected more copiouſly therein; 
thus the Parts on the lower Side will receive more Accretion, and be more 
nouriſhed than thoſe on the upper ; the Conſequences whereof muſt be, 
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The ſame Principle brings the Seed into its due Situation at firſt; in a 
Bean planted upſide down, the Plume and Radicle are eaſily perceived with 
the naked Eye, to ſhoot at firſt directly for about an Inch; but thencefor- 
ward they begin to bend, the one downwards, and the other upwards, as 
in the Example of the Orange Seed, Fig. 457 ; the like is ſeen in a Heap 
of Barley to be made Malt, in a Quantity of Acorns laid to ſprout in a moiſt 


Place, Fc. each Grain of Barley in the firſt Caſe, and each Acorn in the 
ſecond hath a different Situation, and yet all the Sprouts tend directly up- 


wards, and the Roots downwards, and the Curvity or Bend they make, is 
greater or leſs as their Situation approaches more or leſs, to the Direction 
wherein no Curviture at all would be neceſſary. Now two ſuch oppoſite 
Motions cannot ariſe without ſuppoſing ſome conſiderable Difference 
between the two Parts; the only one we know of, is, that the Plume is fed 
by a Juice, imported to it by Tubes parallel to its Sides; whereas the Ra- 
dicle imbibes its Nouriſhment at all the Pores in its Surface. As oft there- 
fore as the Plume is either parallel or inclined to the Horizon, the nutritious 
Juice feeding the lower Parts more than the upper, will determine its Ex- 
tremes to turn upwards, for the Reaſon already aſſigned. On the contrary, 
when the Radicle is in the like Situation, the nutritious Juice penetrating 


more copiouſly through the upper Part than the under ; there will be a 


greater Accretion of the former than the latter ; and conſequently the Ra- 
dicle will be bent downwards : And this mutual Curvity of the Plume and 
Radicle muſt continue, till ſuch Time as their Sides are nouriſhed alike, 
which cannot be till they are perpendicular *, 


Roots are generally diſtinguiſhed by their Figures, ſome being entire, 


as Liquorice ; parted, as St. Jobnwort; ſome parted at Bottom, as moſt 
Roots ; others at Top, as Dandelion, &c. ſome parted and ramified, as Com- 


frey ; others having divers Strings iſſuing from one Head, as Crowfoot ; 


ſome ſtrait as Radiſh, crooked as Biſtort, ſmooth as Bugloſs, ſtringy all 
round as Columbine; ſome thick as Rhubarb, ſlender as the Vine, long as 
Fennel, ſhort as Turnep, &c. cc. 

The Motions of Roots are ſometimes perpendicular, as Parſuip, level as 
Hops, Ammi, Cinquefoil, &c. 55 | 

There is a kind of wreathing or twiſting in the Veſſels of ſome when the 

Bark is ſtripped off, in Carduus, Sonchus, &c. in which may be ſometimes 
ſeen two or three Circumvolutions. . 
But the moſt remarkable of all Roots are ſuch as are annually renewed or 
repaired out of the Trunk or Stalk itſelf, as Arum, Rape-Crowfoot, Valerian, 
Brownwort, Bearsfoot, Tanſy, Lychnis, Sapier, Primroſe, Ammi, Avens, 
Wood-Sorrel, Iris, and others; that is to ſay, the Baſis of the Stalk conti- 
nually and by inſenſible Degrees, deſcending below the Surface of the Earth, 
and hiding itſelf therein, is both in Nature, Place and Office changed into 
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a Root. So in Brownwort the Baſis of the Stalk ſinking down by Degrees 
till it hes under Ground, becomes the upper Part of the Root; and conti- 
nuing ſtill to ſink, the next Lear becomes the lower Part, and the next 
after that rots away, * a new Addition being yearly made out of the Stalk, as 
the older Parts annually rot away. 

In a Diſſection of the Roo? we ſhall firſt find the Skin, next the Cortical, 
which when thin is commonly called the Bark; next within this are the 
woody Fibres, which together with all its Parts, are viſible in a Circle; 
its Pores being nothing near ſo numerous as that of the Cortical, but in 
ſome more open than in others, as may be ſeen on cutting a very thin 
tranſverſe Slice of the Branch of a Tree, and holding it againſt the Light, 
or placing it before the Microſcope. In Currant and Gooſberry-Trees it is 
leſs conſpicuous than in Oa or Plumbs, in Damfins it is more, and in El- 
der and Vines more ; the cortical Body doth not only ſurround the Wood, 
but is as it were weaged into it in many Places, and is even inſerted therein 


as far as the Pith, and appears in a tranſverſe Section of a Root like Lines 
drawn from the Center to the Circumference. 


Fig. 466. repreſents a tranſverſe Slice of the Root of Aſparagus, and 


Fig. 467, exhibits a microſcopic Picture of a Piece thereof cut out at ab, 
in which 


AB ſhews the Skin. I ] inner Edge of the Bark. | 
ABCD the Bark, or all that Part | EFGH the Wood in which the 
© analogous to it. black Spots ſhew the Air Veſſels. 
CDEF the Lympheducts on the  GHI the Pith. 


Fig. 468. is a tranſverſe Slice of he Root of Mallows. Fig, 469. repre- 


ſents a Piece thereof, which was cut out at cd, as it 1 before the Mi- 
croſcope; in which 


ABCD ſhews the Skin. | EFGH the common Lympheducts. 
CDE the Bark, or all that Part | GH IK the pithy Part of the Root. 
of the Root which anſwers to it, | IK L more Lympheducts, in both 
in which the round Spots are the which the black "Holes are the Air 
Muciducts. the Air Veſſels. 


Fig. 470. repreſents a Slice of a Vine Root cut tranſverſly, out of which 
at e f was cut a ſmall Piece, which when placed before the Microſcope ap- 
peared as repreſented by Fig. 471. wherein | 


AB ſhews the Skin. | ſmall are the Air Veſſels. | 
A BCD the Bark. E F parenchymous Inſertions between 
LS Parcels of Sap Veſſels. | the Parcels of Wood. | 


LI Parcels of Wood in which the | G G others within them. 
darker ſhaded Circles great and 


— 


* Grew. Anat. of Plants, p. 59. A 
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At Fig. 472. is ſeen a tranſverſe Slice of a Horſe Radiſb Root, and at ab 
the Place from whence a Gore was cut, which is repreſented as it appeared 
in the Microſcope by Fig. 473. whereof 


AB is the Skin, | darker Circles are the Air Veſſels. 
ABCD the Bark. | KEE MN a Ring of more Sap Vel- 
CDEFGHI the Sap Veſſels in] els. as 

Form of a Glory. M NO the Pith. 
CDKL the Wood in which the | 


Fig. 474- exhibits a tranſverſe Section of Bugloſe Root, from which at 
cd was taken a ſmall Piece, that when magnified appeared as Fig. 475. 
in which 
AB is the Skin, | curved Arches. 1 5 
AB CD the Bark. C DGH a Ring of Sap Veſſels, 
AB EF the Bladders in the outer | IT a parenchymous Inſertion, of 

Part of the Bark; they are figured which there are ſeveral in the 

ſomewhat oblong, and are ranged } whole Section. 

in Circles. | 1 LKK L the Wood in which the 
EF CD the inner Part of the Bark | dark Spots are the Air Veſſels. 

in which the Bladders are ranged in] K K M the Pith. 


8 e . Il 
Of the Skin of Roots. 


HE outer Part of all Roots is the Skin, which in Skerrits is white, 
yellow in Dock, red in Potatoes, brown in Lovage, black in Bugloſs, &c. 
their Surface is ſometimes ſmooth, as in Horſe radiſh, rough, as in Scorzo- 
nera. The Skins of the ſeveral Shells of a Twlip-Root freſh taken up, ap- 
pear to be perforated with a Number of ſmall Holes. This Skin is very 
thin in Par ſnip, thicker in Bugloſs, very thick in Iris, opake in ſome as the 
Thiſtle, and tranſparent in others, as the Madder. 3 
Every Root hath two kinds of Skin, one of the ſame Age with the 

other Parts, and the other ſucceeding in the Place of the former; as in Dan- 
delion, the old Skin ſeems to be that Part which compoſed the cortical Body 
the Lear before, which by the Generation of a new Ring next the Wood, is 
now thruſt outward, and ſhrunk up into a Skin as at AB; in an Horſe- 
radiſh Root, Fig. 473. or at AB in a Bugloſs Root, Fig. 475. as far as the 
Bladders in the former, and Veſſels in the latter, are radiated ; the cortical 
Body ſeems to ſhrivel up into a new Skin, as the old ones fall off, and pro- 
bably the whole Body of the perpendicular Roots, except the woody Fibre 
in the Center, becomes the ſecond Skin, as in Afparagus, Fig. 467. 5 
| | 8 
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This Skin is made up of two Kinds of Bodies, one parenchymous, gene- 
rally compoſed of exceeding ſmall Cells or Bladders, which are plainly vi- 
fible, if viewed through a Microſcope, and appear as in Fig. 467. which 
repreſents a tranſverſe Piece of the Root of Aſparagus magnified ; theſe Blad- 
ders are of different Sizes, being larger in Bugloſs than in Aſparagus, &c. 

The other Part of this Skin is compoſed of tubular Wood-Veſſels, inter- 
mix'd with the Bladders before-mention'd. | 

If a Root be cut tranſverſly, and laid by for ſome Time, all the Parts 
where there are no Veſſels will ſhrink below the Surface of the cut End ; 
but the Veſſels will all retain the ſame Length, at which 2 they may 
be examined by the Mzcroſcope. 


Of the Bark of Roots. 


5 T HE Bark is ſituate juſt within the Skin, in ſome Roots it is yellow, 


as in Dock, red in Biſtort, but in moſt white, in ſome it is very thin, 
and in others it makes the greateſt Part of the Root, the thinneſt and thickeſt 
being all analogus. 

It is exceeding porous both in Length and Breadth, as appears from 
its ſhrinking up equally both Ways, and dilating to its former Size on be- 
ing ſoaked in Water. All this is apparent to the naked Eye; but the Mi- 
croſcope confirms the Truth thereof, by ſhewing that theſe Pores are an in- 
finite Number of little Cells or Bladders, ſometimes running in Ranks both 
the Length and Croſs-ways of the Root, as at AB CD in Bugloſs. Fig. 475. 
it may be ſeen both in a tranſverſe and upright Section, and always beſt af- 
ter the Pieces ſo cut hath lain by ſome Time to dry. 

This parenchymous Part is of an uniform Texture in many Roos, and 
diverſified in as many others; the Bladders, though very regular, yet differ 
in Shape, Size and Situation; in ſome Places like white Rays, ſtreaming 
from the inner Edge thereof outwards to the Circumference of the Bark, as is 


apparent in a tranſverſe Section of Lovage, Melilot, Parſnip, &c. continu- 


ing in direct Lines the whole Length of the Root. 

The Bark, as before obſerved, is intermixed with a few lignous Veſſels, 
which are apparent in moſt Roots in the Reſemblance of Threads. Theſe 
tubular Threads do not run in direct Lines, but are frequently braced toge- 
ther in the Form of Network, as is apparent if the Bark be ſtripped off, and 
a Piece of it examined by the Microſcope. 

In Parſnips theſe Veſſels yield a thin Lympha. It is certain that this clear 
Sap aſcends only in theſe Veſſels, 3 no Liquor will do the like from 
any parenchymous Part; ſometimes they yield a thick mucilaginous Lympha 
as Comfrey; oftentimes theſe ſucciferous Veſſels yield a milky or white Sap, 
and ſometimes yellow, as in Sonchus, and moſt cichoraceous Plants; in - 

gelica, 
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gelica, and moſt umbelliferous; in Burdock and divers Thiftles ; in Scorzo> 
nera, common Bells, and many other Plants, not commonly taken Notice 
of to be milky. Theſe milky Saps, although of different Colours, Thick- 
neſs, and other Qualities, agree in being more oily than any of the lymphous 
Saps; for the Mixture of the oily Parts, with ſome other limpid Liquor, 
cauſes them to be of a milky *, or other opake Colour. In the ſame Man- 
ner as common Oil, and a ſtrong Liquament of Tartar, ſhook in a Bottle, 
become white, . n 

Sometimes the Oil will ſeparate, as is obſervable on cutting a Fennel 
Root tranſverſly, after it hath lain ſome Days out of the Ground. The 
ſame Veſſels, which before yielded Milk, will now yeild Oil. 

All Gums and Balſams are likewiſe the Contents of theſe Veſſels, for theſe 
and Milks are nearly a-kin. . The Milk of Fennel ſtanding ſome time, turns 
to a clear Balſam, of Scorzonera ;- Dandelion, and others; to a Gum. In the 
dried Root of Angelica, when ſplit, the Milk I is ſeen in Clods, in the Con- 
tinuation of theſe Veſſels, condenſed into an hard ſhining Roſin. The Root 
Hielenium cut tranſverſly, preſently yields a Balfam of a Citron Colour, ſo 
called becauſe it will not diſſolve in Water. The Root of common Worm- 
wood yields a true Balſam, with all the defining Properties of a Terebinth ; 
the Roots of Trachelium and Enula, yield both a Lympha and a Citron Bal- 
ſam; and Wormwood both a Lympha and a Terebinth S at the ſame Time. 
It is doubtful whether all Roots have Lympha Ducts, but probably they 
have, and for the moſt Part ſtanding in a Ring, at the inner Verge of the 
Bark. N 
Ihe Situation of theſe Veſſels are very curious, if viewed in a tranſverſe 

Section of the Root; ſometimes they only form a Ring at the inner Edge 
of the Bark, as at E F, in Aſparagus, Fig. 467. in which Poſition they are 
in moſt, if not all Roots; in ſome they ſtand in Rays, as Borage, or Peri- 
pherial, as in Celandine. Theſe vaſcular Rays are extended in ſome towards 
the Circumference of the Bark, about half Way, as between CDEF, in 
Bugloſs, Fig. 475. in all Docks and Sorrels, about + ths of the Thickneſs 
of the Bark toward the Circumference, ſeveral of them are alſo arched 
thereabout. In all, or many Trefoils, and of the leguminous Kind, only 
one Third of the Bark. In the umbelliferous, they are ſituate between the 
diametrical Portions of the Parenchyma. In the Microſcope they all of them 
appear to be real Circles; and in a tranſverſe Seftion, when the Milk has 
been licked off with the Tongue, till no more will rife. They may alſo 
be ſoaked in Water, after which the Poſition of the Milk Veſſels will be 
viſible; in ſome Roots they run more parallel, and keep aſunder, as in 
Monks-hood, and join towards the Circumference of the Bark, in Eryngo. 
They terminate more circular, in Briony angular, or in the Form of a 


* Grew. An, Plant, p.67. + Bid p. 67. J Bid. þ. 68. 
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Glory, as will appear alſo on viewing an Horſe Radiſh Root, C DEFG 
H I, Fig. 473. in the Microſcope. In ſome almoſt entire Circles, as in Dan- 
 delion ; in others compoſed of ſhort Chords; in ſome theſe Specks are ſo ex- 
ceeding ſmall, that to the naked Eye they ſeem continued Rings, but when 
viewed in the Microſcope, are diſtinct Veſſels, as in Marſo-Mallows, and 
Liquorice. In Marſp- Mallows the Lymphæducts appear in Rays, and the 
Lacteals in Rings, Fig. 469. In Dandelion they appear to the naked Eye 
like numerous Rings, but when viewed through the Microſcope, are found 
to conſiſt of very many ſmall Rays, ſtreaming from the inner "Np of the 
Bark, a-croſs three « or four of the ſmaller Rings. 


Ser . 
Of the Wood of Roots. 


HAT Portion of the Root, which. is contiguous to, and within the 
Bark ; in Trees, and ſhrubby Plants, is the Wood, which conſiſts 
of the Parenchyma and lignous Subſtance. The firſt of which is of the {ame 
Nature with that of the Bark. The Poſition of its ſeveral Parts are moſtly 
diametrical, running between the lignous Parts, from the Circumference to- 
wards the Center of the Root, and all together conſtitute that which is be- 
fore called the Inſertment. Theſe Inſertments are moſt obſervable in the 
Roots of many Herbs, as Comfrey, which exhibits a good Notion of all other, 
as well Trees as Herbs; ſometimes this parenchymous Body is diſpoſed in- 
to Rings, as in Fennel. In moſt woody Roots, they ftream between the 
Pith and Bark, like ſo many ſmall Rays. In ſome Roots they continue to 
the Center, as Columbine, in others not, as Par/nip ; and ſometimes diffe- 
rent in the ſame Root, as E F in the Vine, Fig. 471. They are compoſed 
of many ſmall Bladders, as in the Bark, but generally ſmaller. Their Shape 
uſually — but ſometimes oblong and oval, as in Borage, or oblong and 
ſquare, as in the Vine. 
The lignous Part alſo conſiſts of two Kinds of Bodies, ſucciferous, or lig- 
nous, and Air Veſſels. The lignous are of the Nature with thoſe of the 
Bark, and in a tranſverſe Section of the Root, emit a Liquor as thoſe do. 
Theſe Veſſels are no where interwove or braced together, but continue from 
one End of the Root to the other. 
The Poſition of both theſe Kind of Veſſels is various, the ſucciferous or 
lignous are ſometimes ſituate in diametrical Lines, as in the Vine, Fi Ig. 471. 
and molt Trees, ſometimes oppoſite to the Areal, as in Beer, &c. 
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SS TT. IF, 
Of the Pith of Roots. 


Ithin the woody Part, is the Pith which is not common to all 
Roots, for ſome have none, as Nicotian, Stramoniam, and others. 


The Pith, for the moſt Part, eſpecially in Trees, is a ſimple Body, yet like 


the Bark it is compounded, ſome ſucciferous Veſſels being mixed with it, as 


in Jeruſalem Artichoke, Horſe Radiſh, &c. many Roots that have no Pith 


at their lower Part, have one at the Top, as Columbine, Lovage, &c. 
Their Contexture by the Microſcope, appears to be of the ſame general 
Kind in all Plants, both in the Parenchyma of the Bark, in the Inſertment 
or diametrical Portions, and in the Pith, all being compoſed of Bladders, 


which are of very different Sizes, ſeldom leſs than thoſe of the Bark, as 
in Aſparagus, Fig. 467. but generally much bigger, as in Horſe Radiſh, 


Fig. 473. their Poſition ſeldom varies, but is uniform in a tranſverſe Sec- 
tion of all Parts of the Root piled up evenly one over another. In an 
_ upright Section they ſeem to run in direct Trains, length-ways ; they are for 
the moſt Part orbicular, though in the larger Roots ſomewhat angular. On 
obſerving theſe Bladders with the Microſcope, their Sides will be found to 
conſiſt of ſeveral Ranks of exceeding ſmall Fibres, lying for the moſt 


Part evenly one over another, from the Bottom to the Top of every 
Bladder, and running a-croſs alſo from one Bladder to another. If the Pith 


be cut with a ſharp Razor, or Penknife, and fo applied to the Microſcope, 
they will be ſeen diſtin&ly. 


All Plants exhibit this Spectacle, but thoſe beſt with the largeſt Bladders; 


nor the ſame Pith ſo well in any other Condition, as when dry; becauſe 
then the Sap being voided, the Spaces between the Fibres, and the Fibres 
themſelves are more diſtinctly ſeen. Yet it muſt not be dried after cutting, 
becauſe its ſeveral Parts will thereupon coincide and become deformed, but 
to be choſen while the Plant is growing, at which Time it may be often 
found dry and not deformed ; as in the Trunks of common Thiſtle, Jeruſa- 
lem Artichoke, &c. cut off the white Bottoms of the Bladders of a Bulruſb 
tranſverſly, and they will appear like a curious Piece of Needle-work. The 


whole Body of a Root therefore conſiſts of Veſſels and Fibres, and probably 


theſe Fibres themſelves are tubular. 

If you take the Roots of Vine, Fennel, Dandelion, Plumb-tree, Elder, 
Willow, &c. and lay them for ſome Time to dry, then cut off a thin Slice 
of each tranſverſly, and place it before the Microſcope, by pinching one 
Edge thereof between the Nippers, the Light will then be trajected through 
the Perforations of all the Veſlels both great and ſmall, they are fcarce ever 
viſible in the freſh Slices of theſe Roots. 
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A clear and elegant Sight of the Fibres which compoſe the Air Veſſels, 
may be obtained by ſplitting a Vine Root, or a Piece of Oat, and may be 
ſeen in the Side of the greater Air Veſſels, in the Reſemblance of Needle. 
Work ; the Spiration of the Fibres may be better obſerved in the Trunk 
than in the Root, and beſt in young Plants, but not ſo well by cutting as 
ſplitting, or by tearing off ſome ſmall Piece, through which they run; 
their Confirmation being by this Means not ſpoiled. 

But in the Leaves or tender Stalks of all ſuch Plants as ſhew upon break- 
ing, a kind of Down or Wool; they may be ſeen drawn our, and that 
ſometimes to the naked Eye. This Wool being nothing elſe but a certain 
Number of Fibres drawn out of their ſpiral Poſition, appearing more or 
leſs in the Leaves and other Parts of moſt Plants, as in the Vine, Scabious, 
&c. in the Scales of a Squil they are ſo eaſily ſeparable, as to ſhew the 
Plate or Zone into which the Air Veſſels are uſualiy reſolved, which is not 
one. ſingle Piece, but made up of ſeveral round Fibres, running parallel, and 
knit together by other ſmaller ones tranſverſly in the Form of a Zone. 


CHAP. XXXVIL 
Of the Trunks of Trees. 


VR: 4 | 
HE Trunk comes next under Conſideration, which conſiſts of the 
& Bark, the Wood, the Inſertions or Veins, and the Pith. . 

The croſs Shootings of the Wood in Trunks of ſeveral Years Growth ap- 
pear in Rings, ſo that we may judge by the Number of Rings of how many 
Years * Growth the Tree is; in each of theſe Rings is one Circle of large 
open Pipes, but the fewer of theſe the ſtronger the Timber. | 

The Pores of the Wood in well-grown Timber are very conſpicuous both 
in an upright and tranſverſe Section thereof. 

The lignous Body in the Trunks of Herbs are extremely viſible in the 
Microſcope, each Fibre thereof being perforated with 30, 50, 100, &c. 
Pores, as may be ſeen in a magnified Piece of Burdock, Fig. 477. and 
although each Fibre appears to the naked Eye to be but one, yet when 
magnified we plainly find them to be compoſed of a Number of Fibres, or 
rather hollow Tubes joined together, ſo that what we call the woody Part 
of a Tree, notwithſtanding all its Solidity, is nothing elſe but a Cluſter of 
innumerable and extraordinary ſmall vaſcular Fibres ; fume of which riſe 
irom the Root upwards, and are diſpoſed in Form of a Circle, and the others 
which Dr. Grew calls Inſertions, tend horizontally from the Surface to the 


* Pbi. Tranſ. No. 213. 
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Center, in ſuch a Manner as to croſs each other, and are interwove like 


the Threads of a Weaver's Web. 


Theſe Inſertions are viſible on ſawing Trees Lengthwiſe, and ſhaving 


from thence very thin Slices. They are alſo diſcernable at their Entrance 


into the Wood on ſtripping off the Bark. 

As the Pores or Veſſels are greater or leſs, fo are alſo the Inſertions, to 
the naked Eye, the largeſt only are diſcernable; but by the Help of the 
Microſcepe they appear very numerous. 

The Inſortions in the Trunk are viſible in a tranſverſe Section, and are 
diſpoſcd in even Lines or Rows throughout its whole Breadth; they are re- 
preſented as they appear in the Root of a ire, when viewed through a 
Microſcope, by E F, Fig. 471. 

The Pores of the Pith are moſtly obferveble in the Trunk, being larger 
than in the Root; and through a Microſcope appear like ſo many Bubbles 
or Bladders, as in a Piece of Burdock, Fig. 4 

In the Piths of many Roots and Plants, ſome of the larger Pores or Blad- 
ders have ſmaller ones within them, ſome of which are divided with croſs 
Membranes, and between their ſeveral Sides other ſmaller Bladders are in- 
ſerted, in orderly Ranks Length-wiſe. 

What Dr. Grew calls Fibres and Inſertments, or the lignous Body inter- 
woven with that which ke takes to be the cortical, that is the ſeveral Di- 
ſtinctions of the Grain, are called by Mr. Lifter Veins, * that is, ſuch Ducts 
as ſeem to contain and carry in them their nobleſt Juices, analagous to hu- 
man Veins. Mr. Lifter makes it appear, that theſe Veſſels are not the Pores 
of the lignous Body, from a tranſverſe Section of Angelica Sylveſtris magna 
vulgatior; the Veins there clearly diſcovering themſelves to be diſtin& from 


the Fibres, obſervable in the Parenchyma of the ſame cortical Body, the 


milky Juices always riſing on the Side, and not in any Fibre. Alſo in a 
like Incifion of Burdock, in June the Juice ſprings on each Side the Radu of 
the woody Circle, that is, in the cortical Body and Pith only ; z agua where 


there is no Pith none of this Juice is obſerved. 


In a tranſverſe Cut of a Leaf it is obſervable, 1. That theſe Veins ac- 
company the Ribs and Nerves. 2. That the middle Fibre or Nerve ſeems 
to yield one big Drop of a milky Juice ſpringing as it were from one Vein, 
yet by the Microſcope it is plain there are many Veins, to the making up of 


that Drop. 3. That if a Fibre or Nerve be carefully taken out of the Leaf, 


the Veins will appear therein like ſo many Pipes running along the Nerve, 
and yet theſe numerous Veins are all of an equal Bigneſs. 

It is obſervable in the Motion of theſe Juices, that the milky Juice always 
moves and ſprings briſkly upon the opening of a Vein, f the limpid Sap only 
at certain Seaſons. 


* Phil. Tranſ. No. 79. + Bid. No. go. 
Cc2 | Dr. 
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through which the Turpentine Veſſels run Lengthwiſe. 
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Dr. Grew aſſigns the Offices of the ſeveral] Veſſels, viz. thoſe placed on 


the inner Verge of the Bark, he calls Lymphedufs, and ſuppoſes them de- 
ſtined for the Conveyance 'of the moſt watry Liquor; theſe Mr. Brad! 


ey 
calls the new forming Veſſels, which are annually produced, and help to in- 


creaſe the Bulk of the Tree. 
Thoſe in the Middle of the Bark Dr. Grew calls lactiferous or ręſiniferous 


Veſſels: Their Uſe, according to Bradley, is to return the ſuperfluous Sap: 


Theſe Veſſels Grew obſerves, are the principal Viſcera of Plants; and adds, 
that as the Viſcera of Animals are but Veſſels conglomerated; 10 the Veſ- 
ſels of a Plant are Viſcera drawn out at length, all which will be eaſily un- 


derſtood by an Inſpection of the following Figures. 


Fig. 47 6. repreſents a {mall Piece cut out of a walking Cane, as it ap- 
peared in the Microſcope. ABE F ſhews a tranſverſe Section thereof, 


wherein are ſeen Cluſters of Air Veſſels ſurrounded with Rings of ſap Veſ. 


ſels, and at ABCD the Pores in the outſide Skin or Bark of the Cane are 
plainly viſible. 


Fig. 477- repreſents a magnified Piece of the Stalk of Burdock cut 
tranſverſly and down the Side. 

Fig. 478. exhibits a Piece cut out of a Branch of Pine, * at ABCD 

is ſeen the Bark Side-ways, and at A B E E a tranſverſe Section thereof, 
GH repreſents 
one of them cut down the Middle to ſhew the Inſide of it, and another is 
ſeen intire at IK. 

Fig. 479. repreſents the Milk Veſſels in the Bark of Sumach, in the ſame 
Manner as the Turpentine Veſſels are repreſented in the foregoing Figure, 
and are expreſſed by the ſame Letters alſo. 

Fig. 480. repreſents Part of a Vine Branch cut tranſverſiy; and Fig. 481. 
a Piece cut out of the ſame at a b, as it appeared in the Microſcope ; where- 
of ABCD ſhews the Skin Length-ways. At ABEF is ſeen a tranſverſe 
Section of the Wood and Air Veſſels, and between GH and I K part of 
the Wood and Bark is taken away to ſhew the ſame Lengthwiſe. 


Fig. 482. a, is a tranſverſe Section of an Apple Branch, in which the 
ſeveral Circles of Wood that ſhew of how many Years Growth the Tree 


is, are viſible to the naked Eye. Fig. 482. b, repreſents a Gore cut out of 


the aforeſaid Slice at ab, as it appeared 1 in the Microſcope ; in which 
AB repreſents the Skin. KLMN oneYear's Growth, in which 
ABCD the Bark. | 


| the dark Spots repreſent the Air 
HI ſpiral fap Veſſels in arched Par-] Veſſels. 


cels. ggg the true Wood. 
OO the common ſap Veſſels which | P the Inſertions. 


begin to turn into Wood, EF other ſap Veſlels, 
C NE F the Wood of three Years | E F G the Pith. 
rowten, 
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Fig. 483. ſhews a' tranſverſe Slice of a Hazel Branch, and Fig. 484 re- 


preſents a Piece thereof, which was cut out at cd, as it appeared when 
placed in the Microſcope. 


Ag the Skin. | PO leſſer between them, the black 
ABCD the Bark. Parcels between theſe Inſertions 
QQQ the ſimple Parenchyma. are the Wood, which is compoſed 
HI a Ring of ſpecial Veſſels. of minute Tubes (although it is 
PP common ſap Veſſels. here repreſented in a Shade) in 
CDEF the Wood of three Years | which the dark Spots are the Air 

Growth. Veſſels. | 
KLMN one Years Growth. E FG the Pith. 
XXX great Inſertions. 


Pig. 485. exhrbits a tranſverſe Slice of a Walnut Branch, and Fig. 486. a 
microſcopick Picture of a Gore thereof cut out from e f, in which 


AB is the Skin. KLMN one Year's Growth. 

A BCD the Bark. IQ, Qd, part thereof whiter than 

RR the Parenchyma. the reſt, by the Mixture of ſap 

HRI two Rings of ſpecial ſap Veſ- | Veſſels, which are repreſented by 

ſels. the tranſverſe Lines. 

D C common Lympheducts. IM N the great Air Veſlels. 

DCEF the Wood of four Years | ce, ce Parcels of leſſer ones. 
Growth. . E F a Ring of other ſap Veſſels. 

ddd the true Wood. | EFG the Pith. 


At Fig. 487. is ſeen a Slice of a Branch of Pine cut tranſverſly, and at 
Fig. 488. a magnified Piece of the ſame cut out from g h. 


AB CD the Bark. white Spaces tending to the Center 
MMM the Parenchyma. | ſhew the Inſertions. 355 
DLC the Lympheducts. EFG the Pith, the larger Holes 
HH Turpentine Veſſels. both in the Wood and Pith are 
DCEF the Wood in which the] more Turpentine Veſſels. 


Fig. 489. repreſents a tranſverſe Section of a Vormwcod.Stalt, from 
whence a Piece i k was cut, which is exhibited as it appeared in the Mi- 
croſcape, by Fig. 490. whereof | 


ABCD is the Bark. | DCEF the Wood in which the 
AM the Parenchyma. I dark Spots are the Air Veſſels. 
H MI Balſamic Veſſels. | MM the Infertions. 
K L another Sort of ſap Veſſels in R another balſamic Veſſel. 
Parcels. EFG the Pith. 
KLCD Lympheducts. 5 


Fig. 491. is a tranſverſe Section of a Thiſtle-Stalk, out of which at Im 
was cut a Piece, which is ſeen as it appeared in the Microſcope at Fig. 
492. 

f ABCD 
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ABCD the Bark. | tt more Lymphæducts. 

HI the Parenchyma. ſſ mere Milk Veſſels. 

ee a Sort of ſap Veſſels. lat Infertions. 

a a another Sort. | EFG the Pith compoſed of angular 

cc Milk Veſſels. I Bladders, Bladders of Threads, and 
DCE F the Wood. | Threads of ſingle Fibres. 

VV the Air Veſſels, - 


Fig. 493. ſhews a tranſverſe Section of Sumach Stalk, and Fig. 494 a 


magnified Gore thereof, which was cut out at no. 


AB aa the hairy Skin. Lymphæducts. 
ABCD the Bark. DC EF the Wood. 
HWI the Parenchyma. | the white Rays tending from M 
DMC the common Lymphæducts. to M are the Inſertions. 
KM. three Milk Veſſels. | II the true Wood in which the 
HI another Sort of Lymphæducts.] dark Spots are Air Veſſels. 
_ arched over the Milk Veſſels. | EF a Ring of Lymphæducts. 
X X ſeems to be a third Sort of | EFG the Pith. 


Fig. 495. repreſents part of a Vine Branch cut tranſverſly at ABG, and 


at ABC, and alſo ſplit half way down the Middle at GG BB, whereof 


ABAB is the Sin. | EFG the Pith. : 
ABCD, ABCD the Bark. I Between GG, FF, is ſhewn the Po- 
H HH ſap Veſſels in arched Parcels. | ſition of the Bladders in perpendi- 
I the Parenchyma. cular Rows. 
 CDEF the Wood. Between D D and BB is ſeen the ſame 


ddd the true Wood, in which the of the Bark; and 
dark Spots are the Air Veſlels. | Between FF DD is ſeen an upright 


KK the Inſertions. Section of the Wood and Air Veſ- 


EF a Ring of other ſap Veſſels. [= 


Sx c 1. II. 
Of the Bark of Trees. 


HE exterior Part of Trees is the Bark, and ſerves them for a Skin or 


Covering ; in general it is of a ſpongy Texture, and by many little 


Fibres, which paſs through the capillary Tubes whereof the Wood conſiſts, 
communicates with the Pith ; fo that the proper Nutriment of the Tree 
being imbibed by the Roots, and carried up through the fine arterial Veſ- 
ſels of the Tree by the Warmth of the Soil, Sc. to the Top of the Plant, 
is uſually ſuppoſed to be there condenſed by the cold Air; and returns by its 
own Gravity down the Veſſels, which do the Office of Veins, lying between 
the Wood and inner Bark, leaving, as it paſſes by, ſuch Parts of its Juice Ss 
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_ Of the Bark of Trees. 199 
the Texture of the Bark will receive and requires for its Support. That ſoft 
whitiſh Rind or Subſtance, between the inner Bark and the Wood, which, 
Mr. Bradley thinks, does the Office of Veins ; ſome account a third Bark, 
differing only from the others in the Cloſeneſs of its Fibres ; *tis this 
contains the liquid Sap, Gums, Cc. found in Plants in the Spring and 
Summer Months. It hardens by little and little, by means of the Sap it 
tranſmits, and is imperceptibly converted into the woody Part of the Tree. 
There are few Trees but what have it; yet it is ſtill found in leſs Quantity 
as the Tree is more expoſed to the Heat of the Sun. It is here the Corrup- 
tion of Trees generally begin; whence thoſe who fell and cut Trees ought 
always to take Care to leave as little of it on as poſſible. 

The Bark conſiſts of two Parts, the outmoſt Skin and the main Body; 
the Skin is generally compoſed of very ſmall Veſicles or Bladders ; bur as 
the Plant grows, the Skin dries, and the Bladders ſhrink up and diſappear. 
Amongſt theſe ſkinny Bladders are intermixt a Sort of woody Fibres, as in 
Mallow, Nettle, Berage, Thiſtle, and moſt Herbs. 

The Skin of the Trunk 1s ſometimes viſibly porous, as in the better Sort 
of Walking Canes, Fig. 476. ABCD. | 

The main Body of the Bark alſo conſiſts of two Parts, the Parenchyma 


and Veſſels; the Parenchyma is compoſed of an infinite Number of ſmall. 


Bladders, and the Veſſels are very numerous ſtanding in or near the inner 
Margin of the Bark, and are always ſap Veſſels “. _ | 
The Properties of thc ſaid Veſſels are diſtinguiſhed from one another in 


the ſame Plant, and in the ſeveral Species of Plants; which Properties are 


not accidental, but ſuch as ſhew the conſtant and univerſal Deſign of Nature. 

For in the Figures 482, 484, 486, 488, the Veſſels of the Bark are only 
of two Kinds, which in the firſt two ſeem to be roriferous F and Lymphe- 
ducts (yet in all the four their Number and Poſition is very different.) 
In Hazel, Fig. 484, they are but few; in Apples, Fig. 482, they are more, 
and alſo in Pear, Plumb, Elm, &c. ſtill more numerous. As to their Po- 
fition in Hazel, the Lymphæducts or Veſſels next the Wood, ſtand in ſemi- 
circular Parcels ; and in Holly they ſtand in Rays, yet ſo numerous and 
cloſe together as to make one intire Ring. In the Apple Branch, Fig. 482. 
the Lymphæducts O O are radiated, they are alſo radiated in the Pear and 
Plumb, &c. In Hazel, Fig. 484. the roriferous Veſſels HI, as Dr. Grew 
calls them, make an intire Ring. In Apple, Fig. 482, they are neither 
radiated nor make an intire Ring, but ſtand in peripherical Parcels, much 
after the tame Manner they ſtand in Elm. In Aſh the Veſſels make two 
Rings, the inmoſt or Lymphæducts conſiſt in arched Parcels, and the out- 


moſt or roriferous of round ones; whereas in the foregoing the Lymphe- 


ducts are contiguous to the Wood, and the roriferous more or lels diſtant 


® Grew. Ana. Plant, p. 108. + Reid. 1000. 
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from the Skin; here, on the contrary, the firſt are diſtant from the Wood, 


and the latter contiguous to the Skin. | 

In the two next Branches, Fig. 486 and 488, the Veſlels of the Bark are 
alſo differer.t in Number, Poſition, Size and Kind. In Pine they are leſs, 
and in Walnut more numerous; as to their Poſition, the inmoſt D C in Pine, 
Fig. 488, compoſe a radiated Ring, the utmoſt are ſtragling up and down 
without any certain Order. In Walnut, Fig. 486, the inmoſt D C make 
alſo a radiated Ring, and the utmoſt a double Ring H RI, not radiated but 


.of round Paicels: As to their Kind, they differ moſt apparently from the 


Diverſity of Saps thoſe different Veſſels contain; which in the Bark of 
Pine, Fig. 488. are alſo of two Sorts, the inmoſt are Lymphæducts, as in 
the two former; the outmoſt are not Milk, but Gum Veſſels, or reſinife- 
rous, and ſtand ſtraggling or ſingly about the Bark ; all the clear Turpen- 
tine that drops from the Tree iſſues from theſe Veſſels, which are apparent 


even to the naked Eye; whereas thoſe of the Lymphæduct are not to be 
diſcerned without the Aſſiſtance of a Microſcope. 


The two next Pieces of Branches are common Sumach, Fig. 494. an 


common Wormwood, Fig. 490, which are remarkable for their having three 


kind of Veſſels in the Bark, whereas the former have only two. Firſt then 
in common Sumach is a thick radiated Ring DM C of Lymphæducts, ſtand- 
ing on the inner Margin of the Bark contiguous to the Wood ; theſe Veſſels 
exhibit their Lympha very apparently. The ſecond Kind of Veſſels XX 
compoſe a Ring, and are ſituate near the outward Margin of the Bark, Be- 
tween theſe two Kinds ſtand the Milk Veſſels K ML, each of which being 
empaled or hem'd in by an Arch of roriferous Veſſels. 

The next is a Branch of common Wormwood, Fig. 490, in the Bark of 
which are alſo three kinds of Veſſels; firſt there is a thin radiated Ring, 
CDLK of Lymphæducts, contiguous to the Wood, yet this Ring is not 
entire, but made up of ſeveral Parcels ; which are intercepted by as many pa- 
renchymous ones, inſerted from the Bark into the Pith. The ſecond Sort of 
Veſſels K L, which ſeem to be roriferous, are ſituate near the Middle of 
the Bark, and ſtand in arched Parcels ; theſe alſo compoſe a Ring. | 

Beyond theſe Arches, and towards the outer Margin of the Bark, ſtand a 
third Sort of Veſſels H MI, their Content is a kind of a liquid, oleous and 
viſcid Gum, which for its pleaſant Flavour may be called an aromatick Bal- 
ſam *, becauſe ir perfectly affordeth whatever is in the Smell or Taſte of 
Wormwood, being the Eſſence of the whole Plant, fo that they are in all 
Reſpects analogous to the Turpentine Veſſels in Pine. 

The Structure of the Milk and Gum Veſſels when viewed with the Micro- 
ſcope, ſeem to be made by the Conſtipation of the Bladders in the Bark, that 
is to ſay, they are ſo many Chanels, not bounded by any Sides proper to 


® Grew An. Plants, p. 111. 
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themſelves, as a Quill thruſt into a Cork, or as the Air Veſſels in the Wood, 
but by the Bladders of the Parenchyma “ which are ſo crowded up together, 
as to leave certain tubular Spaces throughcut the whole Length of the 
Bark. = | 

One Difference between thoſe Veſſels juſt deſcrib'd, and theſe hollo 
Tubes, Sc. in the Pith, is this, that they are not originally formed with 
the Pith, but are formed partly by the ſtretching it undergoes from the 
Dilatation of the Wood, and partly from the drying and ſhrinking up of 
its Bladders, and of their component Fibres; whereas the Veſſels in tlie 
Bark are many of them originally formed | therewith; and thoſe which 
ſucceed them are not cauſed by any Rupture as thoſe in the Pith are, but 
from a regular Diſpoſition of the parenchymous Fibres, and Conſtipation of 


the Bladders thereof; all which will appear very plain upon viewing the 


three Figures 477, 478, and 479. . 
It has been before obſerved, that the lignous or towy Parts of all Plants 
are tubular, and that the Juices are conveyed the whole Length of the 
Plant through an infinite Company of ſmall Tubes. 
Theſe very Tubes or Lymphæducts are likewiſe made up of other yet 
much ſmaller Tubes, ſet round together in a cylindrical Figure; by which 
alſo appears the admirable Smallneſs of theſe Fibres; for there are ſome 
Lymphæducts that may be reckoned 30 Times ſmaller & than an Horſe- 


hair, and that thoſe minute Fibres are alſo compoſed of other ſuch Fibres, 


but much ſmaller, is not altogether improbable; allowing therefore but 20 
of theſe to compoſe a Thread no bigger than one of theſe Lymphæducts; 
then one of theſe Fibres muſt be 1000 Times ſmaller than an Horſe-hair. 

They may be obſerved in a very white and clear Piece of Aſh torn care- 
fully lengthways, and ſometimes alfo in a very white Piece of Fir. 

In the Eaſt Indies they manufacture the Bark of a certain Tree into a 
kind of Stuff or Cloth; it is ſpun and drefs'd much after the Manner of 
Hemp : The long Filaments which are ſeparated from it, upon beating and 
ſteeping it in Water, compoſe a Thread, of a middle Kind between Silk 

and common Thread, neither ſo ſoft or bright as Silk, nor ſo hard or flat 
as Hemp. Some of theſe Stuffs are pure Bart, and. are called Pinaſſes, 
Biambonnes, &c. In others they mix Silk with the Bark, and call them 
Ginghams and Nillas ; the Fontalungees too, are part Silk, part Bark, and 
are only diſtinguiſhed by being ſtripped. 


* Grew Ana. Plants, p. 113. + Bid. 8 Did. p. 112. 
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S e r. . 
Of the Woed. 


H E next general Part of a Branch is the Wood which lies between 
F the Bark and Pith, it is compoſed of parenchymous and lignous Parts; 
the parenchymous Part of the Wood in all Trees, though much diverſified, 
is diſpoſed into many Rays or Inſertions running between as many woody 
Portions, from the Bark to the Pitch. Theſe Inſertions are various accord- 
ing to the ſeveral Sorts of Trees or Plants, in Pine, Fig. 488, and Worm- 
wood, Fig. 490. they are not fo numerous as in Sumach, Fig. 494. in the 
Apple, Fig. 482, or in the Hazel, Fig. 484. 
Theſe Inſertions do not run only through the Wood, but alſo ſhoot out 
beyond it into ſome Part of the Bark, as in Elm, Sumach, Wormwood, &c. 
The Texture likewiſe of theſe Inſertions is alſo various in Wormwood 
and moſt Herbs, they are manifeſtly compoſed of ſmall Bladders, yet larger 
in theſe than in Trees. 
The Wood is likewiſe compoſed of two Sorts of Bodies, that which is 
ſtrictly woody, and the Air Veſſels. The true Food is nothing elſe but a 
Maſs of antiquated Lymphæducts, viz. thoſe which are originally placed on 


the inner Margin of the Bark; for im that Place there annually grows a new 
Ring of Lymphæducts, which by degrees loſing its firſt Softneſs, is at the 


latter End of the Year turned into a dry and hard Ring of perfect Woad. 


Whence it is evident that the Bark of a Tree is divided into two Parts, and 


diſtributed two contrary Ways; the outer Part falleth off towards the Skin, 
and at length becomes the Skin itſelf. The outward Skin of a Tree is not 


originally made a Skin, but was once ſome of the middle Part of the Bark 
itſelf, which is annually caſt off and dried into a Skin; the inmoſt Portion 


of the Bark is yearly diſtributed and added to the Wood, the parenchy- 
mous Part thereof makes a new Addition to the Inſertions within the Hood, 
and the Lymphæducts a new Addition to the woody Pieces between which 


the Inſertions ſtand ; ſo that a Ring of Lymphæducts in the Bark this Year 


will be a Ring of Wood the next, and another Ring of Lymphæducts and 
of Wood ſucceſſively from Year to Year; ſo in Fig. 482, of part of an 
Apple Branch cut tranſverſly, three Years Growth, are repreſented in that 
of Sumach, Fig. 484. one Year only is exhibited, and in that of Walnut, 
5 8 77 are ſhewn four Years Growth of Wood between the Letters 


Here alſo may be obſerved, that certain Parcels of Wood make either 


ſeveral ſmall white Rings, as in Oak, or ſeveral white and crooked Parcels 


tranſverſe to the Inſertions, as at DC, KL, Sc. in Walnut, Fig. 486. 
In the Branches of Fir, Pine, &c. are a few Turpentine Veſſels diſperſed 


up 
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up and down the Wood. The. Air Veſſels with the Inſertions, and true 
Wood altogether, make up that which is commonly called the Wood of 
a Tree. 


The Variety of the Air Veſſels are many, with reſpect both as to their 
Number, Size, and Poſition, and are not to be found alike in any two Sorts 
of Plants whatſoever : As to their Number it is very great, in Apple, Pear, 
Hazel, &c. but in different Degrees, they are repreſented by all the black 
Spots in the Wood, in all the Figures before referred to. . 
Their Sizes are as different as the Trees to which they belong, being at 
leaſt twenty Times bigger in Elm or Oak, than in Holly or Pear, &c. 
Their Situation is alſo different: In Apple, Fig. 482. and in Walnut, 
Fig, &c. they are ſpread abroad in every annual Ring; in others they 
keep more in the Compaſs of ſome Line or Lines, either diametrical or pe- 
ripherical. In Holly, &c. they are radiated or run in even diametrical Lines 
between the Pith and Bark. = | 


Whether the Air Veſſels are irregular or radiated, Nature hath ſo diſ- 
poſed them, as that many of them ſtand always near the Inſertions. | 

In 4þ the Air Veſſels ſtand in Circles on the inner Margin of every 
annual Ring. Theſe Circles are in ſome very thick, as in 4þ and Barberry, 
in ſome thin, as Elm, &c. | | ; 

Their Form is ſuch that they are never ramified, but continued from one 
End of a Plant ſmall or great, quite through to the other End thereof. 

As to their Texture they oftentimes appear to be unwreathed in Form 
of a yery ſmall Plate, which alſo is not only of different Breadths in different 
Plants, and uſually broader in the Root than in the Trunk; but alſo the 
ſaid Veſſels are oftentimes unwreathed, not in the Form of a Plate but of a 
round Thread. The Cauſes of which Diverſity are principally three, the 
Weftage of the Fibres of which the Air Veſſels conſiſt : The Difference be- 
tween the ſaid Fibres, or between the Warp and Woof, and the different 

| Kinds of Woof. | 15 
By the Weftage of the Fibres it is, that the Veſſels oftentimes untwiſt in 
the Form of a Plate; as if a fine narrow Ribband be wound ſpirally, and 
Edge to Edge, about a Stick, and then the Stick being drawn out, will 
leave the Ribband in the Form of a Tube * and of one of theſe Air Veſſels, 


for that which upon the unwreathing of the Veſſel ſeems to be a Plate, is as 
it were a natural Ribband, conſiſting of a certain Number of Threads or 
round Fibres, ſtanding parallel as the Threads do in a Ribband ; and as in 
a Ribband ſo here, the Fibres which make the Warp and run ſpirally, do 
not grow together, but are held in that Poſition by other tranſverſe Fibres 
which embrace them, and are in the Place of the Woof. 

And as the ſaid Fibres are tranſverſiy continued thereby making a Warp 


® Gree. An. Plan. p. 117. | 
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and Woof, ſo are they (as in divers Woollen Manufactures) of different 
Bulk; thoſe of the former being ſtronger and bigger than thoſe of the lat- 
ter; by which Means, as Cloth and Silk will uſually tear ſooner one Way 
than another; ſo here while the Warp or thoſe Fibres which run ſpirally 
are unwreathed, without breaking the ſmaller ones which hold them toge- 
ther, caſily tear all the Way. 

In the following Figures are ſhewn the Poſition of the Veſſels in ſeveral 
Sorts of Timber cut Length. wiſe and Croſs-wiſe as follows: 

Fig. 507. repreſents a ſmall Piece of the Wood of an Oak-T; ree, cut 
tranſverſiy, and of its natural Size; and Fig. 508. A BCD, ſhews the fame 
Piece as it appeared before the Microſcope when greatly magnified, whereof 
the Parts FF ſeemed to be brown dark Streaks, the Wood included between 
the Spaces HI and K L, is the Breadth of that Circle which the Tree had 


increaſed in one Year. EE are the Cavities of very large Air Veſſels, 


which run the Lengthway of the Tree. Theſe large Veſſels are compoſed 
of ſeveral ſmaller Membranes, as may be ſeen at Fig. 512. which repreſents 
part of one of the aforeſaid Air Veſſels ſeen * and as it appeared 
before the Magnifier. 

The ſecond Sort of perpendicular Veſſels which tend upwards, are ſeen 
at ee, Fig. 508. and are alſo compoſed of exceeding fine Skins, * in which 
are ſeen ſome Spots that in the Microſcope appear like Globules, as at ON, 
Fig. 511. which ſhews one of theſe ſecond Sort of Veſſels cut lengthwiſe. 

The third Sort of theſe Veſſels which run upwards, are extremely ſmall 
and in great Abundance, as appears throughout the whole Space HIK L, 
Fig. 508. Theſe alſo are — of extremely fine Skins ; ey are ſeen 
length-ways between PQ, Fig. 511 

G GG, Fig. 508. are another Sort of Veſſels, which run horizontally from 
the Bark to the Pith : Theſe ſeemed to extend themſelves in Furrows, and 
were crooked or bowed round the Knots, When the Wood is cut length- 
wiſe, theſe horizontal Veſſels are cut acroſs, as at GG G, Fig. 511. The ſe- 
cond Sort of horizontal Veſſels are greatly numerous, which when the Oak is 
cut length-wiſe, are alſo cut acroſs „ and appear to the naked Eye as 
Fig. 513. 

Fig. 496. ſhew a Piece of Elm cut tranſverſly as it appeared to the naked 
Eye; and Fig. 497, a microſcopick Picture of the ſame. AB, CD is the 
Breadth of the Ring the Tree had increaſed in one Year. The ſmaller 
perpendicular Veſſels are ſituate between and joined to the larger, having 
ſmaller ones between them, as in Oak; the Tubes here alſo are compoſed 
of ſkinny Membranes. AC and B D, Fig. 497, are horizontal Veſſels 
ſeen lengthwiſe. Fig. 498, is an upright Section of the Wood of Elm 
magnified, in which G G . the exceeding ſmall Veſſels length- ways, 
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H H is the Cavity of one of the great Veſſels, being full of Turpentine 
Threads, or little Tubes, with black Spots curiouſly wove together; as at 
Fig. 499. ; 

Fig. 500. is a ſmall and thin Piece of Beach, cut tranfverſly, and Fig. 

501. repreſents the ſame as it appear'd in the Microſcope. Its Length 

between AB and DC is the Breadth of a Circle, of one Year's Growth. 
The perpendicular Veſſels in this Wood are of two, and the horizontal 
Ones of three Sizes; of which thoſe expreſſed by E E, Fig. 501. are ex- 
ceeding ſmall ; in the upright Section, Fig. 502. theſe horizontal Veſſels 
are cut tranſverſly, and ſhewn by H H, the ſecond Sort of horizontal Veſ- 
ſels are ſeen lengthwiſe, from D to A, Fig. 301. and a tranſverſe Section 
of the ſame Veſſels are ſeen in the upright Section of the Timber, Fig. 502. 
at I, I, I, and at K K are ſeen the great perpendicular Veſſels. 

Fig. 509. repreſents a tranſverſe Seftion of a ſmall Bit of Black Ebony, 
greatly magnified, of which G, G, G, are the large upright Veſſels. K K, 
in Fig. 510. ſhews one of theſe large Veſſels cut lengthwiſe, and at Fig. 
511. is ſeen another of a larger Sort, in which are many Streaks and Spots. 
The ſecond Sort of perpendicular Veſſels are ſeen between A B,. A B, and 
the third Sort between C D, CD; a fourth Sort are ſquariſn, and included 
between the ſecond and third in the upright Section, Fig. 510. LL ſhews 
the ſmalleſt Veſſels, and I, I, the tranſverſe Sections of the horizontal 
Ones. 

Fig. 503. ABCD is a ſmall Piece of Box, cut tranſverſly, and of the 
ſame Size to the naked Eye as the Piece of Ebony. This Wood alſo conſiſts 
of large and ſmall perpendicular Veſſels intermix'd ; the large ones are com- 
pos'd of Skins, and are full of extremely minute Particles, as may be ſeen in 
the upright Section thereof at E E, Fig. 504. the Cavities of the leſſer 
Veſſels are ſhewn lengthways at FE. A Band CD, Fig. 503. are hori- 
zontal Veſſels, running lengthways, and at G G, Fig. 504. is ſeen a tranſ- 
verſe Section of the ſame. | 
AB CDE F, Fig. 505. repreſents a tranſverſe Section of a ſmall Piece 

of Straw. AB E F is the. ſhining Bark, compoſed of an incredible Num- 
ber of exceeding ſmall Veſicles. G G G G are Veſſek, or rather Bladders, 
having four, five, or ſix Sides, and compoſe the greateſt Part of the Inſide 
of the Straw. H H H are ſome of the before-mentioned Veſſels, inter- 
mixed with, or ſurrounded by a great Number of exceeding ſmall Veſſels. 
At Fig. 306. the ſame Veſſels are ſeen lengthways in a perpendicular Sec- 
tion of the Straw. N | 
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8 E cr. V. 
Of the Pith. 


18 E third general Part of a Branch is the Pith, being in Subſtance 

- nearly allied to the Parenchyma in the Bark, and the Inſertions in the 

Wood. 

Its Size is various, not being the ſame in any two Branches here repre- 
ſented. In Wormwood, Fig. 490. and Sumach, Fig. 494. it 1s very 
large. In Pine, Fig. 488. and Walnut, Fig. 486. not ſo large. In Ap- 
ple, Fig. 482. and Hazel, Fig. 484. it is ſmaller. 

It is alſo remarkable, that the Bark and Wood in moſt Plants increaſe 
yearly ; and the Pith, on the contrary, grows ſmaller. . 

The Pith, for the moſt Part, is furniſhed with a certain Number of Sap - 
Veſſels, which form a Ring round the Margin thereof. They are numerous 
and conſpicuous in Walnut, Fig. 486. and in Fig, Pine, &c, and are of 
divers Kinds, being Lymphæducts in Walnuts, Lacteals in Fig, and Reſini- 
ferous in Pine. 5 

The Parenchyma of the Pith is compoſed of Bladders the very ſame with 
thoſe in the Bark, and oftentimes in the Inſertions within the Wood, only 
theſe of the Pith are largeſt, thoſe in the Bark leſs, and theſe in the Inſer- 
tions leaſt of all. : 

The Bladders of the Pith, tho* always comparatively great, are of very 
different Sizes. Thoſe of Thiſtle, Borage, &c. appear in the Microſcope 
like the Cells of an Honey-Comb; the Bladders in common Thiſtle and Borage, 
are ſo large as to contain within their horizontal Area, about twenty Blad- 
ders of the Pith of Oak. Wherefore one Bladder in Tbiſtle is at leaſt an 
hundred times bigger than another in Oak. 

The Shape of the Pith Bladders admit of ſome Variety, they are for the 
moſt Part round, yet oftentimes angular, as in Reed Graſs, a Water Plant; 
where they are alſo cubical ; in Borage, Thiſtle, and many others they are 
pentangular, ſexangular, and ſeptangular. 

As to the Texture of theſe pithy Bladders, they are oftentimes compoſed 
of ſmaller ones, as in Borage, Bulruſh, and many other Plants. 

Whence it appears, that as the Veſſels of Plants, viz. the Air Veſſels and 
LymphzduRts are made up of Fibres, ſo the Pith, or the Bladders of which 
the Pith conſiſts, are likewiſe compoſed of Fibres, which is alſo true of the 
Parenchyma of the Bark, and of the Inſertions in the Wood, and even of the 
Fruit, and all other parenchymous Parts of a Plant, and that the very Pulp 
of an Apple, Pear, Cucumber, Plumb, or any other Fruit, is nothing elle 
but a Ball, of moſt extreamly ſmall tranſparent Threads or Fibres, joined 

3 | | together 


28 


2 
2888 
I 2 

AL 

5 

* 


o 
* . 
A 


92 
3522 
7225 


* 
* 12 
. 

50 


a? 


D 
s 1 
by 822 


55 


I 
£2 > - 
4 
8540 
. 
LE” 


YO 
22 


Sees 
DOCUODD ORC 


N 


Front? Fag. 206. 


Of the Pith of Trees. 207 
together in a different, but curious Manner, even all thofe Parts of a Plant, 
which are neither formed into viſible Tubes, nor Bladders, are made up of 
Fibres ; and though it be difficult to diſcover them in thoſe Parts which are 
the moſt compact and cloſe, yet in the Pith which conſiſts of more open 
Work, they are viſible ; and that in the Pith of a Butruſh, common Thiſtie, &c. 
not only the Threads of which the Bladders, but alſo the ſingle Fibres of 
which the Threads are compos'd, may be diſtinctly ſeen, when placed be- 
fore the Microſcope. | Is 

The Fibroſity of the Parenchyma is alſo viſible in ſome Woods, being 
interwove with the lignous Parts, and with every Fibre of every Veſſel, as 
in very white 4Aþ or Fir may be diſcover d. | 

Whence it follows, that all the Parts of a Plant conſiſt of Fibres, of 
which thoſe of the Lymphæducts run lengthwiſe, thoſe of the Pith, 
Inſertions, and Parenchyma of the Bark horizontally, thoſe of the Air 
Veſſels begin their Circuit horizontally, and continue it in Height or 
lengthwiſe. 1 

From what has been ſaid, there appears to be a great Similitude between 
the Mechaniſm of Plants and Animals, the Parts of the former ſeem to bear 
a conſtant Analogy to thoſe of the latter; and the Vegetable and Animal - 
conomy ſeem to be both formed on the ſame Model; for from the foregoing 
Obſervations, and the Aſſiſtance of the Microſcope, . 

Firſt, the Root is found to be a ſpongy Body, whoſe Pores are diſpoſed 
to admit certain humid Particles, prepared in the Ground. : 

Second, the J/ood which conſiſts of capillary Tubes running parallel from 
the Root throughout the Stalk, (the Apertures of thoſe Tubes are too mi- 
nute to come under the Cognizance of the naked Eye) theſe Mr. Bradley 
calls arterial Veſſels; it being through theſe that the Sap riſes from the 
Root. - | 

Third, beſides theſe there are other larger Veſſels, diſpoſed on the Outſide 
of the arterial Veſſels between the Wood and the inner Bark, and leading 
. down to the Covering of the Root, which he alſo calls vena! Veſſels, and 
ſuppoſes them to contain the liquid Sap found in Plants in the Spring. 

Fourth, the Bark being of a ſpongy Texture, which by many little 
Strings communicates with the Pitb. | 

Fifth, the 1 or Pecten, which conſiſts of little tranſparent Globules, 
chained togeth&& ſomewhat like the Bubbles that compoſe the Froth of 
Liquor. | | 85 

2 was the firſt who obſerved, that Vegetables conſiſts of two Sorts 
of Veſſels. 1. Thoſe abovementioned, which receive and convey the ali- 
mental Juices. 2. Tracheæ, or Air Veſſels, which are long hollow Pipes, 
wherein Air is continually received and expelled, i. e. within which Tra- 
cher he ſhews all the former Series's of Veſſels are contained. 


Hence 
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Hence it follows, that the Heat of a Year, nay of a Day, of a ſingle Hour, 
or Minute, muſt have an Effect on the Air, included in theſe Tracheæ, i. e. 
it muſt rarify it, and conſequently dilate the Trachea; whence alſo muſt 


ariſe a perpetual Spring or Force of Action to promote the Circulation in 


Plants. 

For by the Expanſion of the Trachez, the Veſſels containing the Juices 
are preſſed ; and by that Means the contained Juice is continually propel- 
led, and ſo accellerated ; by which ſame Propulſion the Juice is continu- 
ally comminuted and rendered more and more ſubtle, and fo enabled to 
enter Veſſels ſtill finer and finer ; the. thickeſt Part of it being at the ſame 
Time ſecreted and depoſited into the lateral Cells, or Loculi of the Bark, 


to defend the Plant from Cold and other external Injuries. 


The Juice being thus conveyed from the Root, to the remote Branches, | 


and even to the Flower; and having in every Part of its Progreſs depoſited 


ſomething both for Aliment and Defence; what is redundant paſſes out 
into the Bark, the Veſſels whereof are inoſculated with thoſe wherein the 
Sap is mounted; and through theſe it deſcends to the Root, and thence to 
the Earth again, and thus is Circulation effected. 

Thus is every Vegetable acted on by Heat during the Day-time, and the 
Sap Veſſels thus are ſqueezed and preſs'd, and the Sap protruded and raiſed, - 
and at length evacuated, and the Veſſels exhauſted in the Night again; the 
ſame Trachea being contracted by the Coldneſs of the Air, the other Veſſels 
are eaſed and relaxed, and ſo diſpoſed to receive freſh Food for the next 
Day's Digeſtion and Excretion. 

The Juice being carried on to the Germs or Bud, is more concreted ; and 
here having unfolded the Leaves, which being expoſed to the alternate Ac- 
tion of Heat and Cold, moiſt Nights, and hot ſcorching Days, are alter- 
nately expanded and contracted ; and the more on account of their reticular 
Texture, 5 „„ 

By ſuch Means the Juice is farther altered and digeſted, as it is further 
yet in the Petala, or Leaves of the Flowers, which tranſmit the Juice, 
now brought to a further Subtility to the Stamina; theſe communicate it to 
the Farina, or Duſt in the Apices, where having undergone a farther Ma- 


turation, it is ſhed into the Piſtil, and here having acquired its laſt Perfec- 


tion, gives Riſe to a new Fruit or Plant. 


Fig 514, and the four following Figures, repreſent the Structure of the 
woody Fibres and Lymphæducts both in the Bark and Wood. 
Fig. 514, ſhews a ſingle Veſſel in the Bark of Flax; and Fig. 515. re- 


preſents the ſame Veſſel as ſeen in the Microſcope, and greatly magnified ; 


whence it appears to be compoſed of a great Number of other lignous Fi- 
bres, with which alſo the Parenchymous are intermixt. 1 
Fig. 516, exhibits a Parcel of the fame Veſſels in the Wood of Fir, great - 


ly magnified; and at a, is ſeen the fame Piece of its natural Size. 


1 Fig. 
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Fig. 517, AB, ſhews a Lymphæduct, and Fig. 518, C, repreſents a 
lactiferous Veſſel, both of which are ſurrounded with parenchymous Bladders, 
and are greatly magnified. 8 | 

Fig. 519, repreſents part of the Stalk of Sumach, ſomewhat larger (and 
more magnified) than that of Fig. 494, with ſeveral Breaks in it, to ſhew 
the Contexture both of the perpendicular and horizontal Fibres ; in which, 
as before, 


AB aa ſhews the hairy Skin. | DCEF the Wood, from which the 


ABCD the Bark in which the Fi- | Fibres ef, that hang down, are 


bres bb, cc, and dd, that hang | ſome of them the old Lymphæ- 
down therefrom are Lymphæducts, ducts turned into Wood; g h gh 
one of which d d d, is compoſed | are two Air Veſſels in which the 


of a great many other ſmaller Fi- | wreathing thereof is plainly ſeen, 
Dres. and from h to i is alſo ſeen Part 
HWI the Parenchyma. of the ſame Veſſels unwreathed. 


DMC the common Lymphæducts. OP is part of one of the Inſertions 
KML the Milk Veſſels compoſed | compoſed of Bladders, and thoſe 


of Bladders. | Bladders of Threads. | 
HI another Sort of Lymphæducts | E FG is part of the Pith compofed 
arched over the Milk Veſſels | of thready or fibrous Bladders. 


C HAP. -XXXVIIL 
Of Leaves. | 
1 HE Leaves of Trees or Plants are full of innumerable Ramifications, 


that convey the perſpirable Juices to the Pores for their Diſcharge. 


The Fibres of the Leaf do not ſtand in even Lines from the Stalk, but al- 
ways in an angular or circular Poſture, and their vaſcular Fibres or Threads 
are 3, 5 or 7; the Reaſon of their being in this Poſition, is for the more 
erect Growth and greater Strength of the Leaf, as alſo for the Security of its 
Sap. Another Obſervable in the Fibres of the Leaf, is their orderly Poſition, 
ſo as to take in an eighth Part of a Circle, as in Mallows, in ſome a 

Tenth, but in moſt a Twelfth, as in Holy-Oak, or a Sixth, as in Syringa. 
The Art of folding up the Leaves before their Eruption out of their 
Gems, Sc. is incomparable both for its Elegancy and Security, viz. in 
taking up (fo as their Forms will bear) the leaſt Room; and in being ſo con- 
veniently couched, as to be capable of receiving Protection from the other 
Parts, or of giving it to one another, e. gr. firſt there is the Bow-lap, 
where the Leaves are all laid ſomewhat convexly, one over another, but 
not plaited, but where the Leaves are not ſo thick {et as to ſtand in the Bo. 
E e 449 
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lap ; there we have the Plicature, or the flat Lap, as in Roſe-tree, &c. To 
theſe Dr. Grew adds their various Foldings, which he calls by the Names of 
the Duplicature, Mulliplicature, the fore Rowl, back Rowl, and tre Row! or 
treble Rowl. OO | 5 

To theſe curious Foldings may be added another noble Guard by the 
Interpoſition of Films, Sc. of which Dr. Grew faith there are about ſix 
Ways, viz. Leaves, Surfoyls, Inter foyls, Staks, Heads, and Mantlingcs. 

The various Methods which Nature takes to preſerve the Leaves from 
the Injuries both of the Ground and Weather are, v:z. the young Buds of 
Ammi, at their firſt Eruption from the Ground, are couched, as Fern is 
rowled inward ; each Bud, againſt the Brace of the Stalk of the foregoing 
Leaves, and moſt exactly incloſed in the Membranes thence produced. Na- 
ture hath generally provided them with another Protection, where the 
Stalks of the Leaves are ſo long that they cannot lap over each other, the 
Bottoms of the Stalks are expanded into broad Membranes, as in Crows-foot, 
Doves-foot, Clover, Cranſbill, Strawberry, Harrow, &c. and ſometimes 
inſtead of two Skins lapped over each other, one entire Skin is produced 
from the Stalk, in which, as within a Secundine, the Bud is fafely lodged, 
which it gradually breaks open in its Growth. 

It is alſo obſervable in Dock, Sorrel, Biſtort, and all other Plants of this 
Sort, with this Difference, that every Veil or Secundine is not here produced 
from the Stalk of the Leaf ; whereas in the former every Bud hath one to 
itſelf in theſe Plants, every leffer Leaf, together with its own proper Veil, 
is always incloſed with the next greater Leaf in another common to them 
both, and both theſe with the next in another, and ſo on to the greateſt. 

The Orcbis, and other Plants of this Sort, have a double Sheath over all. 
The Buds of ſome Herbs as Plantain, having no Hairs growing over them, 
are covered with hairy Thrums, and the Netile hath Baſtard-leaves or 
Interfoyls between Leaf and Leaf, for the Preſervation of its Sting. . 

Another Sort of Protection is ſeen, in white Archangel, and other Plants 
of a like Shape. In which the greater Leaves do alſo incloſe the leſſer, 
by a double fore Curl at the Bottom of every two great Leaves, which 
embraces the little under Bud, and fo keeps it clean and warm, 

The Leaves of Onions are all Pipes one within another, having a ſmall 
Aperture about the Middle common to all of them, even the moſt minute 
ones 1n the Center. 4 | | > 

As the Buds of common Sumach are exceeding tender, Nature appears in 
a peculiar Manner ſolicitous for their Preſervation, being lodged within 
the Body of the Stalk, as entirely as a Kernel is within an Apple; from 
whence it is that the Baſis of every Stalk is extremely ſwelled. 

There are alſo globular Excreſcencies, Spots, Hairs, Thorns, and Prickles. 

_ Globulets are ſeen upon Orach, but more plainly upon Bonus Henricus, 

in 
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in theſe growing almoſt upon the whole Plant, and being very large, are 
by moſt People taken Notice of; but the Microſcope hath diſcovered to us 
that they are the natural and conſtant Offspring of very many other Plants, 
they are of two Kinds tranſparent, as upon the Leaves of Hyſop, Mint, 
Baume, &c. white on Germander, Sage, &c. Sometimes they appear like 
a fine Powder upon the Leaf, theſe were firſt white and tranſparent as in 
Bears Ear. If this be licked of, it will afford the Taſte of the eſſential 
Content of the Plant. They frequently grow on both Sides the Leaf, yet 1 
ſometimes, as in Ground fyy, chiefly on the Back ſide thereof, and in many , 
Plants where the Elder-leaves have none, on the young Buds they are very | 
numerous, as in Coris tree, Sorrel, and others. | : 
Spots are obſervable in St. Jobns-wort, Rue, Ground-Iuy, Pimpernel or 
Anagallis, &c. when held up againſt the Light. 
Thorns are lignous and cortical, the firſt are ſuch as thoſe of Hawthorn, 
| ſomewhat like theſe are the Spinets or thorny Prickles, upon the Edges 
and Tops of divers Leaves, as Baberry, Holly, Thiſtle, Furz, &c. 
Cortical Thorns are ſuch as thoſe of the Raſberry-Buſh, being not, unleſs 
in an inviſible Proportion propagated from the lignous Body. They are of 
Uſe not only for the Protection of the Bud, but alſo for the Support of 
the Plant. 3 
The Uſe of Hairs on Leaves are to preſerve young Buds, not only from 
the cold Air, but alſo from too much wet, which if it were contiguous 
would often rot and dry them. But being made to ſtand off in Drops, 
at the Ends of the Hair, does not hurt but refreſh them. Thus we ſee by 
the Aſſiſtance of the Micraſcope, that Nature oftentimes makes the meaneſt 
Things ſubſervient to the beſt Ends. 


e 
Of the Parts and Texture of the Leaf. 


HE firſt Part which here preſents itſelf is the Skin, a ſmall Bit of which 
being ſtripped off the Leaf, and laid upon the Object carrying Glaſs 
R, of Fig. 2. or held between the Nippers, and then placed before the 
Microſcope, will appear to conſiſt of parenchymous and lignous Fibres, all 
very curiouſly and admirably interwoven, as in Flag, Tulip, Sc. 

From hence it is eaſy to conceive, that the Skins of all Plants (as well 
as thoſe of Animals) are perſpirable between the ſeveral Fibres of which 
they conſiſt, formed into ſeveral Orifices, either for the better Avolation of 
ſuperfluous Sap, or the Admiſſion af Air, theſe Orifices are not in all Leaves 
ahke, but varied in Bigneſs, Number, Shape and Poſition, and are the 
Cauſe of the Gloſs on the Upper-fide of the Leaves, the Backſide having 
none bf them, 
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Next the Skin lies the pulpy Part of the Leaf, called the Parenchymas 
being compoſed of an incomparable Number of little cylindrical Fibres, 
which are in moſt Leaves wound up into minute Bladders, but generally 
more viſible in the Stalk than in the Body of the Leaf. In ſome Leaves, 
as in Borage, Fig. 520. the greater Bladders are made up of leſſer ones, and 
in ſome others theſe parenchymous Fibres are all drawn up cloſe together. 

The pithy Part in the Stalk, and almoſt up to the Top of the chief Fibre, 
in many Leaves is tubular, even whilſt they are yet young and ſappy, as in 
Sweet Cervil, Hemlock, Endive, Cichory, Lampſana, Dandelion, Burdock, 
Daize, Scorzonera and others, and ſometimes the ſaid pithy Part is opened 
into ſeveral pithy Pipes; the Fibres alſo of the Leaf, which is viſible to the 
naked Eye, are compoſed of Sap. and Air Veſſels. Their Poſition is various 
and regular, not only in the Body of the Leaf, but likewiſe in the Stalk, 
as in the Stalk of a Mallow-leaf, Fig. 521. they ſtand in ſix oblong Parcels 
of equal Size, and in a Circle near the Circumference. In Dandelion, wild 
| Clary, and in Borage, Fig. 522. they ſtand in five Parcels. 

In the Body of the Leaf, beſides the Poſitions of the fibrous Strings, 
there is one in particular which runs round the Edge of the Leaf in all 
Plants; but can hardly be well diſcover'd without ſtripping off the Skin of 

the Leaf. The Continuation of the Veſſels ſeem to be ramified, and ſeems 
alſo to be inoſculated. | VV 

Theſe Tracheæ or Air Veſſels are viſible, and appear very pretty in the 
Leaf of Scabious, or the Vine, by pulling aſunder ſome of its principal Ribs 
or great Fibres; between which may be ſeen the ſpiral Air Veſſels (like 
Threads of a Cob- web) a little uncoyled, as repreſented by Fig. 523. which 
ſhews a Piece of a Vine leaf, wherein theſe Veſſels were drawn out and a 
little magnified, and at a, the ſpiral Circumvolutions are repreſented as they 
appear'd in the Microſcope when greatly magnified, and as they ſtand in- 
tire within the Wood; and at b, is ſeen one a little ſtretched. 5 

Mr. Leeuwenhoek tore a Leaf of Box to Pieces, called Palma Cereris, that 
he might the better examine it, and computed one Side thereof to contain 
172090 Pores, and as the other Side muſt conſequently have the fame 
Number, the whole Pores in a Box-leaf will be 344180. 


n 
Of Roſemary- Leaves. 
IG. 524. repreſents a ſmall Part of the Underſide of a Roſemary-leaf, . 
whereof AB ſhews Part of the Upper-fide which was doubled over, 
and conſiſted of a ſmooth ſhining Subſtance, but its Under-ſide appeared 
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in the Microſcope like a Thicket of Buſhes, amongſt which were a great Num- 
ber of round Balls, exactly globular, and afford a very agreeable Proſpect. 

The Back ſide of a Roſe-tree Leaf, but eſpecially of a Sweet Briar-leaf, 
looks diapered with Silver. | | 

The Back of the Leaf of Engliſb Mercury“ looks as if rough caſt with 
Silver, and all the Ribs ſet round with white tranſparent Balls, 

A Leaf of Rue looks full of Holes like an Honey-Comb. | 

A Sage-leaf is taſſeled with white Silver Thrums, and one or two Cryſtal 
Beads, or Pendants, faſtned to every Knot. 


r 
Of Stinging-Nettles. 

A Nettle is a Plant known almoſt to every body, there being very few 
but what have felt as well as ſeen it; but how the Pain is ſo ſuddenly 


created, and by what Means continued, we muſt have recourſe to the Mi- 
croſcope for our Information, and that will if almoſt any Part of the Plant 


be looked on, ſhew us the whole Surface thereof to be very thick ſet with | 


ſharp Points, that penetrate the Skin when touched, and occaſion Pain, 
Heat, and Swelling ; they are repreſented in a ſmall Part of the Leaf as 
they appear in. the Microſcope, by Fig. 525. at A B, conſiſting of a rigid 
hollow Body tapering from B, till it terminate in the moſt acute Point ima- 
ginable, being exceedingly clear and tranſparent. At the Bottom of this 
Cavity lies a minute Bag B, containing a limpid Liquor, + which, upon the 
leaſt Touch of the Prickle, is ſquirted through the little Orifice, and if it 
enters the Skin, produces the before-mentioned Miſchiefs by the Pungency 
of its Salts. CD ſhews one of the chief Fibres of the Leaf, from whence 
the Stings proceed. 3 | 3 

The other Parts of the Leaf or Surface of the Nettle have very little 
conſiderable, but what is common to moſt Plants, as the Ruggedneſs, In- 
denting, and Hairineſs, and other Roughneſſes of the Surface, on the Out- 
ſide of the Plant. 


Re. 
Of Cowage, or Comntch. 
FF HERE is a certain Down of a Plant, brought from the Eaſt- Indies, 


which grows on a Kind of hairy Kidney Bean 5. The Pods about 
three Inches long, reſemble a French Bean, and are cover'd with this Down 


Pov. Mi. Ob. p. o. + Hoot's Mi. p. 143. J bid. p. 146. 
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or Hair, which is very {tiff for its Bigneſs, and cauſes Pain, EF Inflamma- 
tions, if rubbed on any Fart; and when viewed by the Microſcope, this 


Down appears to be a Multitude of pointed Thorns 9 ſharp. 


S E c T. VI. 3 
07 the Texture of the Leaves of Sea-Weeds. 


T is a Plant which grows upon the Rocks under Water, increaſing and 
ſpreading itſelf into a great Tuft, which is nat only handſomely 
branched into ſeveral Leaves; but its whole Surface is cover'd over with a 
curious Kind of carved Work, * conſiſting of a Multitude of very ſmall 
Holes, ranged in the neateſt and moſt delicate Order ; a ſmall Piece there- 


of is repreſented as it appear'd in the Microſcope, at Fi 18. 526. 


CHA P. XXV. 
Of Flawers. e 


A Flowey is that Part of a Plant which contains the th of Genera- 
tion, or the Parts neceſſary for the Propagation of the Kind. 


It is a natural Production, which precedes the Fruit, and * the Grain 
or Seed. 


Their Strafture i is ſomewhat various, though the Generality, according to 


Sto 
Dr. Grew, have theſe three Parts entire, the Empalement, the Foliation, and 
the Attire. 


Mr. Ray reckons, that every perfect Flower has the Petala, Stamina, A- 


8 pices, and Stylus, or Piſtil; fuch as want any of theſe he deems imperfect 


Flowers. 


In moſt Plants there is a Perianthium, Calyx, or Flower Cup, of a 


| ſtronger Confiſtence than the Flower itſelf, and deſigned to ſtreng en and 


preſerve it. 


Flowers, whoſe Petala are ſtrong (as Tulips) have no Cahx; Carnations, 


whoſe Petala are long and ſlender, have an Empalement of one Piece; and 
others as NMuap- M eeds, have it conſiſting in ſeveral Pieces, and in divers 


Rounds, and all with a counterchangeable Reſpect to each other, for the 


greater Strength and Security of themſelves and the Petala, &c. they 


| inches 


The next is the Fohation, as Dr. Grew, the Petala, or Folia, as Mr. Ray, 
and others ; in theſe, not only the admirable Beauty, and luxuriant Colours 


are obſervable, but alfo their curious Foldings, in the Calx before their Ex- 


* Hook's 5 p. 140. 
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panſion, of which Dr. Grew bath theſe Varieties, viz. the Cloſe Couch, 

in Roſes, and ſeveral other double Flowers ; the Concave-Couch, as in Bla. 
taria; Flora albo, the ſingle Plait, as in Peaſe-Bloſſoms; the double Plait, 
as in Blew-bottles, &c. the Couch and Plait together, as in Marigolds, 


Daizes, &c. The Row), as in Lady Bower; the Spire, as in Mallous; 


and laſtly, the Plait and Spire together, as in — Daronici Folio. 

As to the Stamina with their Apices and Stylus (called the Attire by Dr. 
Grew) they are admirable, whether we conſider their Colours, or their 
Make, but eſpecially their Uſe, if it be as Dr. Grew, Mr. Ray, and others 
imagine, namely, as a Male Sperm, to impregnate and fructify the Seed; 
which Opinion is corroborated by the 1 ingenious Obſervations of Mr. Samuel 
Moreland, viz. 

All Flowers, in general, or at leaſt the greateſt Part of them, are fur- 
niſhed with Chives, Tops, and Piſtils. | 

The Farina, or fine mealy Powder, which is at its proper Seaſon, ſhed 
out of thoſe Thecæ or Apices; Seminiformes, which grow at the Top of 
the Stamina, does in ſome Meaſure perform the Office of a Semen Maſculi- 


num, by dropping upon the Outſide of the Uterus or YVaſculum Seminale, - 


and impregnate the included Seed, &c. But Dr. Moreland was of Opinion, 
that the Seeds which come up in their proper Involucra, are at firſt, like the 
unim pregrated Ova of Animals; that this Farina is a Congeries of ſeminal 
Plants *, one of which muft be Bonds into every Qvum, before it can 
become prolifick. That the Stylus, as Mr. Ray, or the upper Part of the 
Piſtulum, as Mr. Tournefort calls it, is a Tube deſigned to convey theſe ſe- 
minal Plants into their Neſt in the Ova; and that there is ſuch a vaſt Provi- 
ſion made thereof, becauſe of the Odds there are, whether one of ſo many 
ſhall ever find its Way into, and thro? ſo narrow a Conveyance. 

For in the Corona imperialis, where the Uterus or Vaſculum Seminale of the 
Plant ftands upon the Centre of the Flower, from the Top of which ſtands 
the Stylus; the Vaſculum Seminale, and Stylus together, repreſenting a Piſtil- 
lum; round this are planted fix Stamina; upon the Extremities of each of 


"theſe are Apices, ſo artfully fixed, that they turn every Way with the leaſt 


Blaſt of Wind, being in Height almoſt exactly equal to the Sy/us, about 
which they play, and which in this Plant is manifeſtly open at Top; it is 
hollow all the Way, and upon the Top of the Stylus there is a Sort of Tuft, 
conſiſting of pinguid Villi, ſuppoſed to be placed there to catch and detain 
the Farina, as it flies out of i its Thez ; and that the Rain either waſhes it, or 
the Wind ſhakes it down the Tube, till it reaches the Vaſculum Seminale. 

In the Caprifolium or Honey Suckle, there riſes a Stylus, from the Rudi- 
ments of a Berry, into which it is inferted, to the Top of the monopeta- 
lous Flower; from the Middle of which F lower are ſent forth ſeveral Sta- 
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mina, that ſhed their Farina off the Caſes, upon the Orifice of the Stylus, 
which in this Plant is villous or tufted, upon the ſame Account as the for- 

mer 1s. | 
In Allium or common Garlick, there ariſes a tri-coccous Uterus, or Seed- 
Veſſel, in the Center of which is inſerted a ſhort Stylus, not reaching fo 
high as the Apices, which thus overtopping it, have the Opportunity of 
ſhedding their Globules the more eaſily into its Orifice ; for which Reaſon 
there is no Tuft on this as on the former, to inſure 1ts Entrance, that being 
provided for by its Situation juſt under them. ; 8 
From whence we conclude, that where a fine Powder is curiouſly prepa- 
red, carefully repoſited, and ſhed abroad at a peculiar Seaſon, where there 
is a Tube planted in ſuch a Manner, as to be fit to receive it, and ſuch Care 
in diſpoſing this Tube, that where it does not lie directly under the Caſes 
that ſhed the Powder, it hath a peculiar Apparatus at the Extremity to in- 
ſure its Entrance, ſo that nothing can be more genuinely deduced from 
any Premiſes ; than it may from theſe, that this Powder, or ſome of 
it, was deſigned to enter this Tube; if theſe Stamina had been only 
excretory Ducts, to ſeparate the groſſer Parts, and leave the Juice deſigned 
for the Nouriſhment of the Seed the more reſerved, what Need was there 
to lodge theſe Fzces in ſuch curious Repoſitories ? They would have been 
convey'd any where, rather than where there was ſo much Danger of their 
dropping into the Seed-Veſſel again, as they are here. Again the Tube over 
the Mouth of which they are ſhed, and into which they enter, leads al- 
ways directly into the Seed-Veſſel; to which may be added, that the 
Tube always begins to die, when theſe Thecz are emptied of their Con- 
rents ; if they laſt any longer, it is only whilſt the Globules which enter at 
their Orifice, may be ſuppoſed to have finiſhed their Paſſage ; nor can we 
expect a more convincing Proof of theſe Tubes being deſigned to convey 
theſe Globules, than that they wither when there are no more Globules to 
be conveyed. 5 | 5 

In leguminous Plants, if the Petala of the Flower be carefully taken off, 

the Pod or Siliqua may be diſcovered, cloſely cover'd with an involving 
Membrane, which about the Top, ſeparates into ſeveral Stamina, each be- 
ing fraught with its Quantity of Farina; and theſe Stamina bound cloſe up- 
on the Bruſh, which is obſervable at the Extremity of that Tube, which here 
alſo leads to the Pod; it does not indeed ſtand upright, but bent fo as to 
make almoſt a right Angle with it: In Roſes there ſtands a Column conſiſt- 
ing of ſeveral Tubes, clung cloſely together, tho* eaſily ſeparable, each 
leading to its peculiar Cell, having the Stamina in great Numbers planted 
all round. In Tithymalus or Spurge, there ariſes a tricoccous Veſſel, that, 
whilſt it is ſmall and fo not eaſily diſcernable, lies at the Bottom, till it is 
impregnated ; but afterwards it grows up and ſtands ſo high upon a tall 
Pedicle of its own, as would incline one to think, that there was to be no 
E Com- 
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Communication between this and the Apices, which he ſees dying below. 
In Strawberries and Raſberries, the Hairs which grow upon the ripe Fruit 
are ſo many Tubes, each leading to its particular Seed; and therefore we 
may obſerve, that in the firſt opening of the Flower there ſtands a Ring of 
Stamina within the Petala, and the whole inward Area appears like a little 
Wood of theſe Hairs or Pulp, which when they have received and con- 
veyed their Globules, the Seed ſwells and riſes in a carnous Pulp. 

Fig. 527. repreſents a yellow Lilly. A, the Top of the Piſtil or Tube, 
at which the ſeminal Plants are ſuppoſed to enter, and through which they 
are conveyed to the unimpregnated Seeds in the Seed-Veſſels; b b the 
Apices Semini-formes, which when open, ſhed that Powder which enters 
the Tube at A; C the Place of the Seed-Veſſel at the Bottom of the Tube, 
the Tube and Veſſel itſelf being concealed under the Leaf in this Figure. 
Fig. 528. repreſents the Siligua in a Flower of a Pea kind, E the Tube 

which ariſes from the $z/zqua, and conveys the Plants thereto ; F the mem- 
braneous Coat which involves the Siliqua laid open; ggg g the Apices, 
which before the membraneous Tegument is laid open, appear to riſe from 
its Edges, and by the Petala of the Flower are kept cloſe upon the Orifice 

of the Tube, that they may conveniently ſhed their Farina into it. 
Hence we learn from the general Structure of the Flowers of Plants, 
though diverſified infinite Ways, that ſome have no ſenſible Piſtil, others 
no Stamina, others have Stamina without any Apices; and what exceeds 
all the reſt, ſome Plants have no Flowers. | We 

Mr. Bradley obſerves, that at the Bottom of the Piſtil of the Lilly, there 
is a Veſſel which he calls the Uterus, or Womb, wherein are three Ovaries 
filled with little Eggs, or Rudiments of Seed, which, ſays he, always decay 
and come to nothing, unleſs impregnated by the Farina of the ſame Plant, 
or ſome other of the ſame Kind. | 

It is this Farina or Duſt falling out of the Apices on the Piſtil, fœcundi- 
fies the Grain or Fruit incloſed therein; and hence they call it the Far ina 
- fecundans. Thus the Farina ſhould be the male Part of the Plant, and the 

Piſtil the female. N | 

The Fruit is uſually at the Baſis of the Piſtil, fo that when the Piſtil falls 
with the reſt of the Flower, the Fruit appears in its Stead. The Piſtil is 
frequently the Fruit itſelf, but till they have both the ſame Situation in 
the Center of the Flower, whoſe Leaves diſpoſed around the little Embrio, 
only ſeem deſtined to prepare a fine Juice in their little Veſſels for its Sup- 
port. Mr. Bradley imagines their Uſe to be only to defend the Flower. 

The Diſpoſition of the Piſtil, and the Apices about it is always ſuch, as 
that the Farina may fall on its Orifice ; it is uſualiy lower than the Apices , 
and when we obſerve it to be grown higher, we may conjecture the Fruit 
has begun to form itſelf, and has no further Occaſion for the male Dult. 
Alſo, as ſoon as the Work of Generation is over, the male Parts, together 

Ff Wich 
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with the Leaves, fall off, and the Tube leading to the Uterus begins to 
ſhrink. Nor muſt it be omitted, that the Top of the Piſtil is always either 
covered with a Sort of Velvet Tunicle, or emits a gummy Liquor, the bet- 
ter to catch the Duſt of the Apices. In Flowers that turn down, as in the 
Acanthus, Cyclamen, and the Imperial Crown, the Piſtil is much longer than 
the Stamina; that the Duſt may fall from their Apices in ſufficient Quantity 
thereon. 

This Syſtem ſavours much of that admirable Uniformity found in the 
Works of Nature, and carries with it all the ſeeming Characteriſticks of 
Truth. Mr. Geoffroy ſays, that the Plant is rendered barren, and the 
Fruits become abortive, by cutting off the Piſtils before the Duſt could 
impregnate them, which is ſince confirmed by other Experiments of Mr, 
Bradl 

In — Kinds of Plants, as Willow, Oak, Pine, Gpreſs, Mulberry Tre ree, 
&c. the Flowers are ſterile, and ſeparate from the Fruit ; but then they 
have their Stamina and Apices, which may eaſily impregnate the Fruits, 
which are not far off. 

There is ſome Difficulty in reconciling this Syſtem to a Species of Plants, 
which bear Flowers without Fruits, and another Species of the ſame Kind 
and Name, which bear Fruits without Flowers ; hence diſtinguiſhed into 
Male and Female ; of which Kind are the Palm-Tree, Poplar, Hemp, Hops, 
&c. for how ſhould the Farina of the Male here come to impregnate the 
Seed of the Female. Mr. Tournefort imagines, that the fine Down always 
found on the Fruit of theſe Plants, may ſerve inſtead of Flowers, and do 
the Office of Impregnation'; but Mr. Geoffrey rather takes it, that the Wind 
doing the Office of a Vehicle, brings the Farina of the Males to the 
Females. 

For the Manner wherein the Farina fecundifies, Mr. Geoffroy advances 
two Opinions, 1. That the Farina being always found of a ſulphurous 
Compoſition, and full of ſubtile penetrating Parts, falling on the Piſtils of 
the Flowers, there reſolves, and the ſubtileſt of its Parts penetrating the 

Subſtance of the Piſtil and young Fruit, excite a Fermentation ſufficient to 
open and unfold the young Plant, contained in the Embrio of the Seed; in 
this Hypotheſis the Seed is ſuppoſed to contain the Plant in Miniature, only 
wanting a proper Juice to unfold its Parts and make them grow. 

The ſecond Opinion is, that the Farina of the Flower is the firſt Germ, or 
Bud of the new Plant, and needs nothing to unfold | it, and enable it to grow, 
but the Juice it finds prepared in the Emb:1o's of the Seed. 

The Reader will here obſerve, that theſe two Theories of vegetable Gene- 
ration, bear a ſtrict Analogy to thoſe of Animal Generation, viz. either that 
the young Animal is in the Semen Maſculinum, and only needs the Juice of 
the Matrix to cheriſh and bring it forth, or that the Animal is contained in 
the Female Ovum, and needs only the Male Seed to excite a Fermentation. 
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Mr. Geoffroy takes the proper Seed to be in the Farina, becauſe the beſt 
Microſcopes do not diſcover the leaſt Appearance of any Bud in the little Em- 


brio's of the Grains, when examined before the Apices have ſhed their 


Duſt. 
In leguminous Plants, if the Leaves and Stamina be removed, and the 
Piftil, or that Part which becomes the Pod, be viewed with the Micro- 
ſcope, ere yet the Flower be opened, the little green tranſparent Veſiculæ, 
which are to become the Grains, will appear in their natural Order, but ſtill 
ſhewing nothing elſe but the mere Coat or Skin of the Grain. 

If the Obſervation with the Microſcope be continued for ſeveral Days 
ſucceſſively, in other Flowers as they advance, the Veſicula will be found 
to ſwell, and by Degrees to become replete with a limpid Liquor; where- 
in when the Farina comes to be ſhed, and the Leaves of the Flower to fall, 
we obſerve a little greeniſh Speck, or Globule, floating about at large. At 
firſt there is no Appearance of Organization in this little Body; but in Time, 
as it grows, we begin to diſtinguiſh two little Leaves like two Horns. The 


Aa 


Liquor inſenfibly diminiſhes as the little Body grows, till at length the Grain 


becomes quite opake ; when upon opening it, we find its Cavity filled with 
a young Plant in Miniature, conſiſting of a Plumula, Radicle, and Lobes. 
The Tops or Apices ſometimes ſtand erect above their Chives or Sta- 
mina, as thoſe in Lark-heel, but generally hang a little down by the Mid- 
dle like a Kidney Bean, as in Mallows, they have for the moſt Part a double 
Clefr, tho' it is in ſome ſingle, from which they diſburſe their Powders, 
which ſtart out, and ſtands upon the Lips of the Cleft, as at Fig. 529. 
which repreſents one of the Apices of the Flower of St. Fohn's Wort mag- 
nified, | 


The Particles of theſe Powders altho' like Meal or Duſt, yet if viewed 


_ thro? a Microſcope, they have all of them very curious and regular Forms. 


In Dog's-Mercury and Borage they are extreamly fmall, but in Mallotos 
fairly viſible to the naked Eye. In ſome Flowers theſe Powders are yellow, 


as in Dogs-Mercury, Goats Rue, &c. And in ſome of other Colours, but 


in molt they are white; thoſe of yellom Henbane are very elegant, being to 


the naked Eye as white as Snow, and in the Microſcope as tranſparent as 
Cryſtal. OR 


The Tops or Apices which contain the Farina, are for the moſt Part either 


white or yellow, ſometimes blue, but never red, whatever Colour the 


Flowers be of, They differ in Poſition, ſometimes ſtanding double upon one 
Chive, as in Toad-Flax, Snap-Dragon, &c. In fome they are faſtned to their 
Stamina at their Middle, as in Spaniſh Broom, Hyſſop, Scabeous, Beben, &c. 
in ſome erect, as in Clematis, Auſtriaca, Ladies Looking-Glaſs, Rape Craw- 

foot, &c. Coded Arſinat hath no Chives, but ſtand upon a large Baſe. 
Their Number are alſo different, in great Celandine, Roſe, Rape-Crow- 
foot they are numerous; in great Plantain, and tome other Herbs, much 
F i 2 | more 
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more conſpicuous than the Foliature itſelf. In Germarder Chickweed, the 

are always two, and no more; in ſome they follow the Number of the 
Leaves, eſpecially in the Number five; as in Blattaria, black Henbane, &c. 
In $tichwort and Lychn:s Hlvgſtris they are ten, juſt double to the Number 
of Leaves. 

Their Shape is different, and always very elegant, with great Variety. 
In Borage, like the Point of a Spear; in Blataria, like an Horſe- ſnoe; in 
Clematis like a Spatula, wherewith Apothecaries make their Mixtures : In 
Alallow like a Head-roll; in Hyſep they have one Cleft before, in Blattaria 
one round about; in Water Betony one at the Top; in Scabious they have 
2 double Cleft, one on each Side. 

In Colocynthis the Farina is not contained in ſeveral Thæcæ or Apices 
ſtanding upon Chives, but is all of one entire Part, like a thick Column in 
the midſt of the Flower, having ſeveral little Ridges or Furrows winding 
from the Top to the Bottom round about, in the Middle of each of which 
runs a Line, where the Skin, after ſome Time, opens into two Lips, and 
preſents the globular Particles contained in the Hollow of every Ridge. 

But where the Seeds are contained in the Apices, a Stilus or little Column 
fands upon the Top of the true Seed-Caſe, which is alſo regularly and va- 
riouſly figured. In Bind-weed it hath a round Head like that of a great 
Pin. In the common Bell, St. Fohnwort, &c. it is divided into three Parts. In 
Gerarium into five; in Aſarum into ſix, ſometimes the Head is ſmooth, 
and in others it is beſet with little Thorns, as in Hyo/cyamus. 

The Piſtil is a little upright Part in the Middle of the Calx, or the 
Leaves of Flowers, called allo the Style. 

It is an eſſential Part of a Flower, and the principal female Organ of 
Generation, it being in this that the Seeds or young Plants are formed. It 
ariſes from the Pedicle of the Flower, or the Center of the Calx, and at 
length becomes the young Fruit, which is ſometimes hid in the Calx, and 
ſometimes quite out. 

Its Figure is very different in different Flowers; in ſome it is a little 
Stalk, which enlarges at the two Ends, in others a mere Stamen or Thread, 
ſometimes it is round, ſometimes ſquare, triangular, oval, Sc. 

Almoſt all Piſtils are furniſhed at Top, either with fine Hairs, or little 
Filaments diſpoſed in Plumes, or are beſet with little Veſicles full of a glu- 
tinous Juice. 
| Some Flowers have ſeveral Piſtils, or rather the Piſtils terminate in ſe- 

veral Branches, which have their Riſe from as many young Fruits, or as 
many Capſulæ containing Seeds. 
Whatever Form the Piſtils are in, they have certain Apertures at their 
Tops, or Clefts, continued their whole Length, to the Baſe or Embrio of 
the Fruit. 

The Seed Veſſels conſiſts ſometimes of two, and for the moſt part of 

three 
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Of Hlowers. 221 
three Pieces; for which Reaſon they are called Suits, as at a bed R 
Fig. 527. | 

The outer Part of each Suit, according to Grew, is its F loret, whoſe 
Body or Tube is divided at the Top (like that of a Cowſlip) into five 
Leaves as at b, which forms a Flower in Miniature, and is all the Flower 
in many Plants, as Mugwwort, Tanfie, &c. Upon the Expanſion of the Flo- 
ret, the next Part c, of the Suit begins to appear from within its Tube, which 
may be called the Sheath (with reſpect to that within it). This Sheath in a 
ſhort Time divides at Top, through which Aperture the Blade d diſplays 
itſelf. This is the third Part of the Suit, and terminates in a forked Point 
about which appears little Globules. 
In ſome Flowers every one of the before-mention'd Florets is encompaſſed 
with an Hedge of Hairs, and every Hair branched on both Sides, almoſt 
like a Sprig of Fir, as at cd in golden Rod, Fig. 5:0. which ſhews one of 
the Suits thereof as it appeared in the Microſcope, in which at e is the little 
Column or Blade that contains the Farina, which is alſo ſeen by itſelf at F. 

The Baſe of the Floret is generally cylindrical, but ſometimes ſquare, as in 
French Marigold, at a, Fig. 531. and the Leaves thereof, which for the moſt 
part are ſmooth, in the, ſame Flower are all over hairy. The middlemoſt 
of the three Parts or Sheath b, is uſually faſtned to the Top, or elſe at the 
Bottom of the Floret, and is rather indented than parted into Leaves : The 
Surface ſeldom plain or even, but wrought into five Ridges and as many 
Gutters, running almoſt parallel from Top to Bottom. | | 

The inmoſt Part or Blade runs through the Hollow of the two former 
as at a, Fig. 531. and is faſtned with the Floret to the Convex of the Seed 
Caſe ; the Head and Sides of this Part is always beſet round about with 
Globulets. In ſome growing cloſe ro the Blade, as in common Marigold ; 
and in the French Marigold, as at Fig. 532. and others, upon little lender 
Stalks. Theſe, as the Blade ſprings up from within the Sheath, are rubbed 
off and ſtands like a Powder upon them both. In ſome, as in Chicory, they 
* ſeem to grow within- ſide the Sheath, as will appear if it be ſplit * with a ſmall 
Pin, as alſo in Knapweed they are very numerous. 

The Head of the Blade is always divided into two, and ſometimes into 
three Parts, as in Chicory, Fig. 533. which gradually curi outwards after 
the Manner of Scorpion Grals. 

This Deſcription agrees principally to the corimbiferous Kind, as Tarſy, 
Camomile, Sc. but in Scorzonera, Chicory, Fig. 533. Hawk-weed, Mouſe-ear, 
and all the intibous Kind, with many more. The Piſtil is ſeparated from the 
Foliature, ſo as to ſtand alone therein, every Leaf a bc of the Flower having 
a Piſtil of its own; for which Reaſon the Baſe of each Leaf is formed into 
a little Tube a, Fig. 533. that incloſes the Piſtil, which commonly conſiſts of 


„ Grew An, Plants, þ. 170. | 
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a Sheath and Blade e; the Leaf itſelf anſwering to the Floret in other 


Flowers. The Blade (or rather Stamina] is ſeen drawn out of its Sheath at 


fg of the fame Figure, and at g the Head of the Blade is open'd into three 
Parts, which are full of thoſe giobular Particles before- mention'd. 

The Time in which the Flower is generated, is hardly any where, if at all 
taken Notice of among ſo many Obſervers of Plants. It is therefore to be 
remarked, that all the Parts of the Flower in all F lowers, are perfectly fi- 
niſhed long before they appear in Sight, uſually three or four Months, and 
in ſome fix. And that in Perenial Plants, thoſe Flowers which appear in 
any one Year are not formed in that, but were actually in Being and intire 
in all their Parts the Year before. The Flower of Mezeron, which opens 
in January, is intirely formed about the Middle of Auguſt in the foregoing 
Year ; at which Time, if the green Leaves of the Bud be carefully removed, 
the Leaves of the Flower and Seed-like Attire, encompaſſing the Sced- 
Caſe, may be diſtinctly ſeen when placed before the Microſcope. 

In order to obſerve the mealy Powder or Farina, let it be gathered in 
the midſt of a Sun-ſhiny Day when all the Dew eis off, ſhake, or elſe gently 
bruſh it off with a ſoft Hair-Pencil upon a clean Piece of white Paper; then 
breathe upon a ſingle Talc, and inſtantly apply it to the Farina, which will 
adhere to it. If too great a Quantity of Powder ſticks to the Talc, blow 
a little of it gently off, if not enough breathe on it again, and touch the 
Farina with it as * then fix it in a Slider as before directed. | 

But I would here adviſe the Curious not to negle& an Examination of 
the little Cells that contain the Farina, and alſo of the Piſtils- and Uteri, 
and other Parts of Generation of the Flowers. 

Fig. 534, repreſents the Flower of St. Johnwort a little magnified, in 
which may be ſeen the Stamina and their Apices furrounding the Seed- Caſe. 
Fig. 529, is one of the Apices more magnihed. 

Fig. 530, repreſents one Suit of golden Rod Flower, conſiſting of a 
Seed-Caſe A, and a Stamina e, one of which is ſeen by itſelf at F. 

Fig. 531, ſhews one of the Suits of French Marigold, or Flos Africanus 


magnified, of which there are about 12 in one Flower, each conſiſting 
of three Pieces, the middlemoſt of which is ſeen alone at Fig. 3 32. 


Fig. 535, repreſents one Suit of Chry/antbemum-Creet, conſiſting alſo of 
three Pieces, of which there are about 80 in one Flower. 
Fig. 536, exhibits one Suit of Knapweed magnified, conſiſting of chow 
Pieces, a b is the Seed-Caſe, at the Bottom of every Suit. | 
Fig. 537, is a microſcopick Repreſentation of one of the Suits of a Ma- 
rigold, of which there are about 40 in one Flower. 
Fig. 333, repreſents the Piſtil and Blade, proper to each Leaf in the 
Flower of Chicory. 
Fig. 5 36, repreſents one e of the Flowers in the Bud of Mezeron ran 
orme 
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Of the Fruit. 222 
formed in all its Parts the Year before it appears, but differs in Shape as 
a Fœtus doth when newly formed. : 


Fig. 539, ſhews the ſame Flower cut open, wherein may be ſeen the 
ſpermatick Thæcæ and the Uterus. 


En 1 CHAT AS: 
Of the Fruit of an Apple, Lemon, Cucumber, and 


Pear. 


n & 

© Re general Compoſition of all Fruit is one, that is, their eſſential 

Parts are in all the ſame, and but a Continuation of thoſe which have 

been already obſerved in the other Parts of a Plant. Yet from the differenc 

Conſtitutions and Tinctures of thoſe Parts, the ſeveral Varieties in Fruits 
proceed. 2 

An Apple conſiſts of a Skin, Parenchyma, Veſſels and Core, the Paren- 
chyma or Pulp is the fame with that of the Bark of the Tree, as is apparent 
not only from the viſible Continuation thereof, from the one through the 
Stalk into the other, but alſo from their Structure, being both compoſed of 
Bladders, with this Difference, that whereas in the Bark they are very 
ſmall and ſpherical (as may be plainly ſeen when viewed through the Mi- 
croſcope,) here they are oblong and very large, in Proportion to the Size 
and Tenderneſs of the Fruit, being all uniformly ſtretched out by the arch- 
ing of the Veſſels, from the Core towards the Circumference of the Apple. 

The Veſſels, as in the other Parts of a Plant, are ſucciforous, and for Air, 
both the Branches of the former and the ſingle Veſſels of the latter are ex- 
tremely ſmall, running every where together ; not collateral, as Veins and 
Arteries do in Animals, but the latter ſheathed in the former. 

They are diſtributed into twenty principal Branches, the ten outermoſt 
a little within the Apple, are diverted from a ftreight Line into ſo many 
| Arches; from which a few ſmall Branches are without any Order diſperſed 
through the Apple; the five middlemoſt and the five inmoſt run in a ſtrait 
Line as far as the Core, and are there diſtributed into as many leſſer Arches, 
the former at the outer and the latter at the inner Angles of the Core, upon 
which laſt the Seeds hang. | | | 

All theſe main Branches meet together at the Top of the Apple, where 
originally they all ran into the Flower. 

A Lemon hath a three-fold Parenchyma, ſeemingly derived from each 
other; the Texture upon every Derivation being ſomewhat altered, by 
being made more cloſe and elaborate. The outmoſt called the Rind, hath 
the moſt open and coarſeſt Texture, being compoſed of the largeſt Threads, 


and 
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and theſe wove up into larger Bladders. Thoſe little Cells which contain 
the eſſential Oil of the Fruit, and ſtand near the Surface of — Rind, are 
ſome of the ſame Bladders, but more dilated. 

From this outmoſt Parenchyma, nine or ten Inſertions are produced, 
betwixt as many Portions of the pulpy Part towards the Center, where 
they all unite into one Body, anſwerable to the Pith in the Trunk or Root 
of the Tree; and are a conſpicuous Demonſtration of the Communication 
between the Bark and P:th. | 

Throughout this Parenchyma the Veſſels are diſperſed, but the chief 
Branches ſtand on the inner Edge of the Rind, and the outer Edge of the 
Pith, juſt at the Extremities of e every Lamellæ from thoſe Branches at the 
Edge of the Pith; other little and very ſhort ones ſhoot into the Pulp of 
the Fruit, upon which the Seeds are appendant. In the Center of the Pith 
are eight or nine in a Ring, which run through the Fruit up to the Flower. 

Between the Rind and Pith, and thoſe ſeveral lamelated Inſertions which 
join them together, ſtands the ſecond Sort of Parenchyma, being cloſer 
and finer, and divided by the Lamels into ſeveral diſtinct Bodies, every one 
of them being an entire Bag; in every one of which the third Parenchyma 
is contained; which is alſo a Cluſter of other leſſer Bags, all disjoined from 
one another, each having their diſtinct Stalks of ſeveral Lengths, by which 
they are all faſtned to the utmoſt Side of the great Bag wherein they are 
contained. Within theſe leſſer Bags alſo the Microſcope can ſhew many 
Hundreds of Bladders, conſiſting of extremely fine Threads, as it were 
wove together into that Figure ; and within theſe Bladders lies the acid 
Juice of the Lemon. 

A Cucumber hath alſo a three-fold Parenchyma, the outermoſt is derived 
from the Bark, which being expoſed for ſome Time to dry, and then 
tranſverſly cut with a Razor ; not only the Bladders but alſo the Threads 
whereof the Bladders conſiſt, are plainly viſible when viewed through the 
Microſcope. 

Throughout this Parenchyma are diſperſed the Sap Veſſels, in ten or 
twelve very large Branches, each of which emboſoms another of Air 
Veſſels. 

The middle Parenchyma is derived from the Pith, and divided into 
three triangular Columns, within which are a diſtinct Sort of Sap Veſſels, 
whence ſeveral ſmall and ſhort Fibres ſhoot into the inmoſt Parenchyma, 
whereupon the Seeds do hang. 

The inmoſt Parenchyma wherein the Seeds do lie (and which anſwers 
to the Pulp of a Lemon) ſeems to be produced from the Seed-fibres, by 
three Inſertions from the Columns, and as many from the outmoſt Paren- 
chyma, and theſe reinſerted; it is divided into fix triangular Bodies, and 
every Triangle into three Ovals. 

A Pear, beſides the Skin, conſiſts of a two-fold Parenchyma of Veſlels, 

3 tartareous, 
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tartareous Knots, or Grains, and a Core; the Skin when viewed in the Mi- 
croſcope, appears to be lined with a great Number of theſe tartareous Grains, 
which are alſo diſperſed round about the Fruit, for about the Thickneſs of 
the Third of an Inch, as will appear on applying a tranſverſe Slice of a 
Pear to the Microſcope. | 
The outer Parenchyma is of the ſame Original and general Structure as 
” ” Apple, but the Bladders not altogether ſo long with reſpe& to their 

readth. 

The Bladders here have alſo a different Poſition from that they have in 
an Apple, being in that all ſtretched out towards one common Center, 
which is that of the Apple itſelf. But here they every where bear a Reſpect 
to the faid tartareous Grains, every Grain being the Center of a certain 
Number of Bladders. | | | 5 HE 

Throughout this Parenchyma, the Yeſſels for Sap and Air are likewiſe 
diſperſed into fifteen principal Branches. The five utmoſt make as many 
Arches, but commonly not ſo deep as in an Apple; from theſe ſome ſmall 
Fibres are diſperſed throughout the Parenchyma, The ten inner Branches 
proceeding to the Seed, and from thence with the other five to the Flower. 

Next the Core ſtands the inner Parenchyma, conſiſting of ſmall roundiſh 
Bladders, anſwerable to that of the Pith, from which it ſeems to be 
derived. | EE | 
| Between this and the outer Parenchyma, the ſaid tartareous Grains begin 
(firſt) to ſtand nearer together, to grow bigger, and of a more unequal Sur- 
face; and by Degrees to unite into a Body, in ſome Pears, and eſpecially 
towards the Cork, they are almoſt as hard as a Plumb- Stone. 

On cutting a Pear lengthwiſe, through its Center, theſe tartareous Grains 
will be apparent. | 

At the Bottom of the Core in moſt Pears, and a little below the Center 
of the Fruit, is a Kind of umbelical Knot ; from whence extends a ſtreight 
Channel, which opens at the Middle of the Cork or Stool of the Flower, 
. ſcarce wide enough to admit the ſmalleſt Pin. 


Of a Plumb, and ſome other Fruits of the ſame Kind. 
A Plumb conſiſts of a Parenchyma, the two general Kind of Veſſels, and 
a Stone; and in Proportion to the Bulk of the Fruit, hath more Vet- 
ſels than an Apple or Pear. Alſo in Plumbs, all theſe Veſſels are braced to- 
gether into one uniform Piece of Net- Mort, every where terminating at an 
equal Diſtance from the Circumference, the Skin is fibrous and tough. 
The Stone is compoſed of two, or rather three diſtinct Parts, one of them 
the Lining, taking its Riſe from the Parenchyma, which the Seed Branch 
G g | brings 
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brings along with it, through the Channel in the Side, and at laſt into the 
Hollow of the Stone, and is there ſpread all over 1t. 

The Foundation or Ground of the outer and more bulky Part of the 
Stone, is the inner Part of the Parenchyma, upon which the tartareous Parts 
of the Sap are continually precipitated, and thereby petrified, as appears on 
comparing the ſeveral Ages of the fame Fruit together; on the Surface of 
many Stones, ſome of the ſaid tartareous Parts appear in diſtinct Grains. 

An Apricock is of the Plumb Kind, but ſome Things are herein better 
obſerved, as firſt the Poſition of the Bladders of the Parenchyma; for the 
tartareous Parts of the Sap, not being here diſperſed in little Grams, through- 
out the Fruit as in a Pear, bur are all thrown off into the Stone ; there- 
fore the Bladders all radiate exactly to the Center of the Stone, conveying 
thereto the feculent Sap, in ſo many little Streams. This is beſt ſeen when 
the Fruit is full ripe. | | 1 

The gradual Tranſmutation of the inner Part of the Parenchyma into a 
Stone, is alſo more apparent in this Fruit, and ſo are the three Coats 


which ſerve for the Generation of the Seed; being now all very diftin& and 


remarkable. 5 - 
A Peach hath a much bigger Stone, and therefore when full ripe, it hath 
a more defecated or better refin'd Juice; the Reaſon why the Stone is fo 
great, is becauſe the Veſſels run fo numerouſly through the Body of it; and 
ſo cauſe a more copious Perſpiration of the Lees therein. . 
A Cherry is likewiſe nearly related to a Plumb, but the Bracement or Re- 
ticulation of the Veſſels, is here carried on farther, ſo as to be all round a- 


bout contiguous to the Skin. 


A Walnut is a Nuciprune, or between a Plumb and a Nut, for the Rind 


anſwers to the Pulp, and the Shell, as the Stone, is alſo lined ; but the 


Seed-Veſſels, which in a Plumb run thro* a Channel, made on Purpoſe in the 
Stone, do here enter as in a Nut, at the Center of the Shell; by which 
Means they are inveſted with a more fair Parenchyma. + 


SE C T. III. 
Of the Grape. 


A Grape is as it were a Plumb with two Stones, for their Thickneſs are 
as hard as any other. The principal Fibres run directly between the 
Stones; and the ſmaller Fibres, and make only one fingle Net; near the 
Circumference they all meet together at the Top of the Grape. Many lig- 
nous Fibres are alſo mixed with the Skin itſelf, whereby it becomes very 
thick and tough. | 
The Parenchyma, or Pulp of a Grape ſeems to be derived from the Pith, 
at leaſt as far as the Reticulation of the Fibres. 


CHAP. 


( 227 ) 


CHAF 2M. - 
The Anatomical Preparation of Vegetables. 


Hoſe Leaves of Plants are only fit for this Purpoſe, whoſe internal 
Structure 1s compoſed of woody Fibres, and are of a pretty good 
Thickneſs, as the Leaves of Oranges, Lemons, Jeſſamin, Bays, Roſes, Cher- 
ries, Apricocks, Peaches, Plumbs, Apples, Pears, Poplars, Pines, Oaks, 
Toy, &c. ELIT | | | 

There are ſeveral other that have no woody Fibres or Veins, but theſe 

diſſolve without ſeparating, as thoſe of Vines, and Lime-Trees. 
The Leaves are to be gather'd “ in June, or July, when they are full 
grown, and have not been damaged by Worms, or Caterpillars; pur them 
into an earthen Pot or large Glaſs, with a good deal of Rain-Water. The 
Pot or Glaſs being kept uncover'd; and fo expos'd to the Sun, or open 
Air. The Leaves muſt be quite cover'd with Water. and as it evaporates 
a freſh Quantity muſt be pour'd in. In about a Month's Time, ſome of 
the Leaves will begin to putrify, but the others muſt be kept two Months 
longer. When the two external Membranes begin to ſeparate, and the 
green Subſtance of the Leaf to grow liquid, then it is Time to perform the 
Operation. The Leaf is to be put into a white and flat earthen Plate or 
Diſh, filled with clear Water; then upon gently ſqueezing it with 
the Finger, it will open on one Side, and the green Subſtance will 
run out; immediately on that the two outer Membranes muſt be ſtripp'd 
off, chiefly in the Middle, and along the Nerves, where they adhere cloſely. 
If there be once an Opening, they will go off very eaſily; the Skeleton that 
remains between, is afterwards waſhed in clean Water, and kept between 
the Leaves of a Book. | 
The Method of preparing Fruits, as Apples, Plumbs, Cherries, Peaches, 
and the like, 1s as follows : ” us | 
Ih he fineſt and largeſt Pears, that are ſoft and not ſtony, are fitteſt for 
this Purpoſe ; firſt pare them nicely, without ſqueezing them, taking Care 
not to hurt the Stalk or Crown; then put them into a Pot of Rain or freſh 

ſpring Water, cover it and let them boil gently, till they become throughly 

ſoft; then take them out, and put them into a Baſon of cold Water, then 
take out one of them, and holding it by the Stalk with one Hand, and 
with one Finger and the Thumb of the other Hand, rub the Pulp gently 
off, beginning near the Stalk, and rybbing equally towards the Apex ; and 
you will eaſily ſee in the Water how the Pulp ſeparates from the Fibres, 

which being tendereſt near the Extremities, there the greateſt Care mult be 


* Phil. Trenſ. No. 416. | 
Gg 2 | taken. 
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taken. No Inſtrument 13 of Uſe in this Operation, except laſt of all a 
Penknife, to ſeparate the Pulp ſticking to the Core. In order to ſee how 
the Operation advances, fling away the muddy Water from Time to Time, 
and pour on clean. All being ſeparated, the Skeleton is to be preſerved in 

Spirits of Wine, the ſame is to be obſerved with Apples, Plumbs, Peaches, 
and the like. | | 

| Carrots, and other Roots, that have woody Fibres, muſt be boiled with- 
out paring, till they grow ſoft, and the Pulp comes off ; not only ſeveral 
Sorts of Roots, but likewiſe the Barks of ſeveral Trees, may be reduced in- 
to Skeletons, preſenting rare and curious Views of Vegetables, 


To preſerve the Specimens of Plants. 


Repare two Iron Plates as large as the Specimens you intend to preſerve, 
let them be pretty thick, and very ſmooth on one Side, with Holes 
for Screws at each Corner ; then take your Flowers, Leaves, &c. when full 
ripe, and of their true Colour, ſpread them on a brown Paper, with the 
Leaves as diſtinct as you can; if the Flowers are large, more Paper muſt be 
laid under them; and if thick you may pare away half thereof, as alſo of 
the Stalk ſo as to lie flat; then put theſe between the Iron Plates, ſcrew 
them faſt, and ſet them in an Oven for two Hours ; after which take out 
the Flowers, and with a Bruſh dipp'd in equal Quantities of Aqua fortis, 
and Aqua vitæ, or Brandy, paſs over the Leaves and Flowers; then lay 
them to dry on freſh brown Paper, and take the Quantity of a Walnut of 
Gum Dragon, which in leſs than 24 Hours will be diffolved in a Pint of 
Water, and with a Bruſh rub the Back-fides of the Leaves and Flowers to 


make them ſtick ; then lay them in your Paper-Book, and they will always 
look freſh. * 


CHAP. XIII. 
Of Charcoal, or burnt Vegetables. 


Harcoal, or a Vegetable burnt black, affords an Object no leſs pleaſant 
than inſtructive; for if a ſmall Piece of Charcoal be ſuddenly broke, it 
will appear to have a very ſmooth Surface, but if examined by the Micro- 
ſcope, Abundance of Pores are diſcoverable in many Kinds of Wood, ranged 
round the Pith both in a circular and a radiant Order ; and moſt of theſe 
ſo exceeding ſmall, and fo cloſe to each other, that but a very little Space is 


* Phil. Tran. No. 22. 4 
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left between them to be filled with a folid Body. Theſe Pores, or rather 
Tubes, are ſo extreamly ſmall, that in a Line of them Arth Part of an Inch 

long, Mr. Hook reckoned no leſs than 1 50, therefore in a Line an Inch long 
were no leſs than 2700 Pores, and in a circular Area, or of a Stick of an 
Inch Diameter, are contained 5,725,350 Pores or minute Tubes, * a Num- 
ber that to ſome perhaps may ſeem incredible, were they not left to the 
Judgment of their own Eyes to the Truth thereof. In Cocus, black and 
green Ebony, Lignum Vitæ, &c. theſe Perforations are abundantly ſmaller 
than thoſe of ſoft light Wood; fo prodigiouſly curious are the Contrivances, 
Pipes or Sluices, thro' which the Juice of Yegetables are conveyed. 


To prepare or make Charccal of any Kind of Wood, 
in order to examine it with the Microſcope. 


The Body to be charred or coaled may be put into a Crucible, a Piece 
of a Muſket Barrel, a Pot, or any other Veſſel that will endure to be made 
red-hot in the Fire without breaking; cover it over with Sand, ſo that no 
Part of it be expoſed to the open Air. Then ſet it into a good Fire, and 
keep it there till the Sand has continued hot, for a Quarter, Half, an Hour, 
or two, more or leſs, according to the Nature and Bigneſs of the Body. 
Then take it out of the Fire, and let it lie till the Sand be very near cold. 
The Wood may be taken out of the Sand well charr'd, and clear'd of all 
its watery Parts. | 


CHAP. XIIV. 
Of the Texture of Cork. 


F an exceeding thin Slice of Cork be cut off with a very ſharp Penknife, 
Lor Razor, and applied to the Microſcope, in an Ivory Slider, or held be- 
tween the Nippers, it will appear to be all perforated and porous; having 
but a little folid Subſtance in Proportion to the empty Cavity, as is mani- 
feſt on a Sight of Fig. 540. Theſe Pores are not very deep, but conſiſt 
of many little Cells, ſeparated out of one continued long Pore, by certain 
Diaphragms, F viſible in Fig. B, which repreſents them ſplit the long ways: 
Hence the Microſcope informs us, that the Lightneſs of Cork proceeds from 
its being a very {mall Quantity of a ſolid Body, extended into exceeding large 
Dimenſions, and alſo why it is a Body fo very unapt to ſuck in Water, and 
conſequently to preſerve itſelf floating on the Top thereof, tho” left on it 
never ſo long; and why it is able to confine Air in a Bottle, tho' conſi- 


„ Hook's Myc. p. 101. + Bid. p. 113. 
ſiderably 
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derably condenſed, and preſſing very ſtrongly to procure a Paſſage with- 
out admitting the leaſt Bubble to paſs through its Subſtance. As to the 
firſt, the Microſcope hath informed us that the Subſtance of Cork is filled 
with Air, and that this Air is perfectly incloſed in little Boxes or Cells di- 
ſtinct from each other: This therefore makes it very plain, that neither 
Water nor any other Air can eafily inſinuate itfelf into them, their bein 
already within them an intus exiſtens ; for this Reaſon Pieces of Cork are 
good Floats for Nets and Stopples for Vials, &c. and is capable of being 
compreſſed into a twentieth Part of its uſual Dimenſions, and to reſtore it- 
!:If ro its former State by means of the included Air in the before-obſerved 
conſtituent Cells or Bladders. Mr. Hook told ſeveral Lines of thefe Pores, 
and found that there were generally about 60 placed Endwife in a Line of 
the rr Part of an Inch long: Whence there muſt be 1160 in the Length 
of an Inch, and in a ſquare Inch 1166400 ; therefore a cubick Inch muſt 
contain 1259712000, a Thing almoſt incredible, did not the Microſcope 
{lure us of it by, ocular Demonſtration. If you cut off a Piece from a Board 
of Cork tranſverſly to the Flat of it, you will as it were ſplit the Pores, 
which will appear juſt as they are repreſented at Fig. B, but if a very thin 
Picce be cut off parallel to the Plane of it, the Pores of it will be tranſverſly 
divided, and will appear as expreſſed in Fig. A. | 


CHAP. XLV. 
SK © T.-L 5 


Of a Plant growing on the blighted, or yellow Specks 
of Damask-roſe Leaves, Bramble Leaves, &c. 


T is obſervable that in the Months of June, July, Auguſt, and Septem- 
ber, that many of the green Leaves of Roſes begin to dry and grow yet 
low, but eſpecially the Leaves of the old Shrubs of Damaſ# Roſes, are all 
ſpotted with yellow Stains, and the Under-ſides juſt againſt them have 
little yellow Hillocks of a gummy Subſtance, and ſeveral of them have ſmall 
black Spots in the midſt of thoſe yellow ones, Upon examining theſe with 
the Microſcope, Multitudes of little black Bodies like Seed-cods were per- 
ceived to ſpring out of ſeveral ſmall yellow Knobs, and to be faſtned to 
theſe Knobs by a ſmall Straw-coloured and tranſparent Stem, many of thoſe 
Hillocks were bare as if thoſe Bodies lay yet concealed, as at G, Fig. 541. 
In others they were juſt ſpringing out, as at A; in others, as at B, they | 
were juſt out, with very little or no Stalk ; in others, as at C, the Stalks. 


* Hook. Mi. p. 113. 
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plainly appear; in others, and at D, thoſe Stems were grown bigger and 
larger; and in others, as E F, &c. thoſe Stems and Cods were grown a 
great deal bigger, and the Stalks more bulky about the Root, and ve 
much tapered towards the Top: As they increaſed in Bulk they began to 
turn their Tops towards their Roots, in the ſame Manner as that of Moſs 
is obſerved to do. The whole Square of this Figure repreſents a ſmall Part 

of a Roſe-Leaf no bigger than the Letter H. : 
Theſe kind of vegetable Sprouts are to be found on ſeveral Kinds of Roſe- 
Leaves, and on the Leaves of divers Sorts of Briars, and on Bramble Leaves 


in ſuch Cluſters, that 3 or 400 of them make a conſpicuous black Spot or 
Scab on the Backſide of the Leaf. | 


S x ec Tr. IL oe 
Of Mouldineſs, or the Principals of Vegetation ari. 
ang from Putrifaftion. VE 


R. Leeuwenboek obſerved, that Mouldineſs on Skin, Fleſh, or other 
Things, ſhoots up firſt with a ſtreight tranſparent Stalk, in which a 
globular Subſtance riſes that commonly ſettles at the Top of the Stalk, 
and is followed by another Globule driving out the firft either on the Side 
or at the Top, and that again is ſucceeded by a third, Cc. all which form 
on the Stalk one great Knob, much thicker than the Stalk itſelf; and this 
large Knob burſting aſunder repreſents a kind of Bloſſoms with Leaves. 
The blue, white, and ſeveral Kinds of hairy mouldy Spots that are ob- 
ſervable on divers Kinds of putrify'd Bodies, whether animal or vegetable 
Subſtances, ſuch as the Skin, raw or dreſs'd Fleſh, Blood, Humours, Milk, 
Cheeſe, &c. or rotten ſappy Wood, Herbs, Leaves, Barks, Roots, &c. are a 
kind of ſmall but variouſly figured Muſhrooms ; a Specimen of which is 
_ repreſented at Fig. 542. which is nothing elſe but the microſcopick Ap- 
pearance of a ſmall white Spot of hairy Mould found upon the Covers of 
a Book that was bound in Sheep's Skin. Theſe Spots appeared through the 
Microſcope to be a very pretty ſhaped vegetative Body, which ſhot out 
Multitudes of long and flender cylindrical Stalks, not exactly ſtreight, but 
bent with the Weight of a round white Knob growing upon the Top of 
each asat AAA; others a little oblong as at B, others a little broken as at 
C, and others that were burſt aſunder forming a kind of Bloffoms with 
Leaves as at D. 


* Phi. Tranſ. No. 04. 
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) 
Sn e r. III. 
Of Moſs, &c. 


TOSS is a Plant no leſs worthy a microſcopick Conſideration than 
the moſt elegant Plant that grows, and for its Shape and Beauty may be 
compared with any other. It has a Root almoſt like a ſeedy Parſnip, Fig. 
543. furniſhed with ſmall Strings and Suckers, all of them being as curiouſly 
branched as the Roots of much bigger Vegetables; from this ſprings the 
Stem or Body of the Plant, which is finely creaſed or fluted ; on the Sides 
of this are cloſe and thickly ſet a Multitude of well ſhaped Leaves, ſome of 
them of a roundiſh, others of a longer Shape; all the Surface on each Side 
the Leaf is curiouſly cover'd with a Multitude of little oblong traniparent 
Bodies, as at D, Fig. 546. From the Tops of the Leaves proceeds a tramſ- 
parent Hair or Thorn : The Stem ſhoots out into a long round Stalk, which 
on cutting is found to be hollow without any Knot or Stop, from its Bot- 
tom where the Leaves encompaſs it, to the Top on which grows a large 
Seed-Caſe A, covered with a thin and more whitiſh Skin B, Fig. 344. 
terminated in a long thorny Top, which at firſt covers all the Caſe, and by 
degrees, as that ſwells, the Skin cleaves, and art laſt falls off together with its 
thorny Top, leaving the Seed-Caſe to ripen, and ſcatter its Seed, at a Place 
underneath this Cap B, which before the Seed is ripe appears like a fluted 
Metal Button, without any Hole in the Middle ; but, as it ripens, the But- 
ton grows bigger, and a Hole appears in the Middle of it E, Fig. 545. out 
of which, in all Probability, the Seed falls; for as it ripens by the Provi- 
ſion of Nature that End of this Caſe turns downwards. On opening ſe- 
veral of theſe dry red Caſes F, they were found to be quite hollow ; where- 
as when they were cut aſunder with a ſharp Penknife when green, in the 
Middle of this great Caſe was found another ſmall round Caſe, the In- 
terſtices between the two Caſes being filled with Multitudes of ſtringy Fibres 
which ſeemed to ſuſpend the leſſer Caſe in the Middle of the other, in 
which without doubt the Seeds were contained ; it grows on the rotten 
Parts of Stone, Bricks, Wood, Bones, Leather, &c. | | 
This ſmall Vegetable is wanting in nothing of the Perfections of the 
moſt conſpicuous and vaſteſt Vegetables of the World, and deſerves to be 
ranged in as high a State; for we do not know but that all the Contrivances 
and Mechaniſm requiſite to a perfe& Vegetable, are crowded into exceed- 
ingly leſs Room than this of Moſs ; for that Plant already deſcribed, which 
grows on Roſe-Leaves, is fo exceeding ſmall that near 1000 of them would 
hardly make the Bigneſs of one ſingle Plant of Moſs; and by comparing 
the Bulk of the latter to that of the biggeſt Vegetable (ſome Trees being, 
as we are informed, near 20 Foot in Diameter in Guinea and Brazil) whereas 
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the Body or Stem of Moſs is generally not above % Part of an Inch, we 
ſhall find that the Bulk of one will exceed that of the other, no lefs than 
298 5,984, 000, ooo; and ſuppoſing the Production of the Roſe-Leaf to be 
a Plant, thoſe Indian Plants will exceed it x000 Times the former Number, 
ſo prodigiouſly various are the Works of the Creator, and fo all-ſufficient is 
be in his Performance of Things which to Man would ſeem impoſſible. 


S K c T. IV. 
Of Sponge. 


HE Microſcope hath ſhewn us, that Sponge is compoſed of an infi- 
nite Number of ſmall and ſhort Fibres, curiouſly joined together in 
the Form of a Net, as appears by Fig. 547. which repreſents a Piece of 
Sponge as it appeared before the Microſcope, wherein may be ſeen the 
| Joints which for the moſt part are, where only three Fibres meet together, 
the Length of each between the Joints is very irregular, the Diſtance be- 
tween ſome two Joints being ten or twelve Times more than between 
others. The Maſhes likewiſe of this reticulated Body are alſo various, ſom 
bilateral, others trilateral, and quadrilateral Figures, &c. | 


Sn en. f 
Of the Beard of a wild Oat. 


98 HE Beard of a wild Oat is a Body of a very curious Structure; it 
grows out of the Side of the inner Huſk that covers the Grain of a 
wild Oat. Its whole Length when extended does not exceed an Inch and 
a half. When the Grain is ripe and very dry, which is uſually in the 
Months of Fuly and Auguſt, the Beard is bent almoſt to a right Angle, and 
its under Part is wreathed and very brittle. 3 

If you take one of theſe Grains and wet the Beard in Water, the ſmall 
bended Top will preſently turn and move round, and by degrees, if it be 
continued wet enough, the Joint or Knee will ſtreighten itſelf, and if it be 
ſuffered to dry again, it will gradually bend into its former Poſture. Its 
Appearance in the Microſcope is repreſented by Fig. 548. which ſhews 
Part of the Beard at the Knee or Bend. Its whole Surface is adorned with 
little Channels and interjacent Ridges, which run the whole Length of the 
Beard, and are ftreight where the Beard is not twiſted, and wreathed where 
it is, being thickly ſer wich ſmall Briſtles; in the wreathed Part was two 
very conſpicuous Channels which ſeemed to divide the wreathed Cylinder 
into two Parts, a bigger and a lefs, the biggeſt at the convex Side * the 
Hh Knee; 
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Knee; theſe Clefts are filled with a kind of ſpongy Subſtance, very con- 
ſpicuous near the Knee. 

This odly conſtituted Vegetable is ſometimes uſed, as an Hygrometer, 
to diſcover the various Conſtitutions in the Moiſture. and Dryneſs of the 
Air; and this it does to Admiration. | 


CHAPT XIV. 
. 
Of Salts. 


VT TNDER the Denomination of Salt, is to be underftood moſt of that 
| which gives Solidity to Bodies, is diſſolvable in Water, and affects 
the Taſte with a peculiar Pungency. There are three diſtin& Sorts which 
generally paſs under this Name, the fixed, volatile, and the eſſential : The 
fixed is what remains. after Calcination, and is procured by diffolving the 
faline Parts of the Aſhes in hot Water, and evaporating it until the Salt is 
left dry at the Bottom; for that will not riſe in Vapours. The volatile is 
what eaſily paſſes over the Helm, as the Salts of Animals. The eſſential 
Salt is that which is obtained by Chryſtilization from the Juices of Plants, 
and is of a Nature between the other two, and may moſt properly be termed 
eſſential, having no Force uſed in its Production. > 
If there be in a ſtrict Senſe. any ſuch Thing as a Principal, Salt is fo; 
but then it muſt be termed foffl Salt, or Sal Gemma; for this not only ap- 
pears to be the plain Production of Nature, but to be the moſt homoge- 
neous and uncompounded Part Nature can. be divided into. 155 
Its firſt Appearance is in Springs and Rivers, being waſhed into them by 
ſubterraneous Currents; thence by the Sun it is in ſome meaſure exhaled by 
Vapours ; from whence it again returns, in Suaw, Hail, and Deus (for com- 
mon Rain-Water does not ſeem to partake of it;) from this Return the 
Surface of the Globe is ſaturated with it; whence it re- aſcends in the Juices 
of Vegetables, and enters into all thoſe Productions, as Food and Nouriſh» 
ment which the Creation ſupplies. 


8er. . 
To extract vegetable Salts. 


URN any Sort of Herb, Flower, Fruit, Wood, or whatever it be, and 
make Aſhes thereof; with the Aſhes and pure Water in its natural 
emper, make Lee; which afterwards ſtrain through moiſt Paper or a 


* If the Reader is deſious of one of theſe Hygrometers, he may be furniſhed with them at 
my Shop, &c. | | 


Filter, 


Of Salts. | 225 


Filter, ſo that it may become as clear as poſſible ; then put the Lee into a 
Glaſs Veſſel, and let it remain“ in Balneo Mariæ, until 2 great Part of it 
evaporates ; the Quantity of Water is not determined, generally five Pounds 
of Water will extract all the Salt from two Pounds of Aſhes ; Salts extract- 
| ed in this Manner, are wont to melt when the Air is ſoft ; to prevent which, 
when you burn the Materials, in order to reduce them to Aſhes, it is requi- 
ſite to uſe with them a proper Quantity of Sulphur ; and if it happens that 
the Aſhes are made to your Hand, you may mix them with Sulphur, and 
keep the ſame at the Fire, till ſuch Time as it be burnt; by this Means the 
Salt will never come to run, but become more white and cryſtalline. 
There is no general Rules for the Quantity of Sulphur to be put into the 
Materials you thus burn, but at a Gueſs, to 100 Pounds of Material, 4 or 
5 Ounces of Sulphur is uſually ſufficient. All Salts have a peculiar and de- 
termined Figure, which they always keep, altho' they are often reſolved in- 
to Water, and afterwards congealed ; yet notwithſtanding ſome Sorts of 
Salts are obſerved to have 2, 3, and 4 Sorts of Figures. Two Sorts have been 
ſeen in Lettice, in the Scorzoneras, in the Muſt-Melon, the Scopa, in the 
Roots of Eſula, in the Black Hellebore, in Endive, Eye-bright, Normwood, 
Sorrel, and in Shoots of Vines ; three Sorts in black Pepper, and in incarnate 
Roſes ;, four Sorts in white Hellebore. Beſides the above-mentioned Diver- 
ſity of Figures which are found in Salts, it is obſervable, that amongſt all 
| Salts, of what Figure ſoever, there are found ſome cubical, which though 
they be never ſo often diſſolved and congealed, appear ſtill of a cubical Fi- 
gure, or inclining to it. To make the Bodies of the Salts when they con- 
geal, remain diſtinct from each other, that their Figure may be obſerved, _ 
and not be entangled and heaped together; it is neceſſary, that very great 
Diligence be uſed in evaporating the Lee; for if that be wholly evaporated, 
or too great a Part thereof, the Salts make a confuſed Cruſt at the Bottom 
of the Veſſel if the Lees are left too weak, the Salts require a very long Time 
to congeal, and therefore it is requiſite to uſe ſuch Diligence as is not to be 
gained without long Practice. | 5 
Cryſtals of Salts are ſuch a Combination of faline Particles, as reſemble 
the Form of a Cryſtal, variouſly modified, according to the Nature and 
Texture of Salts. 
The Method herein uſed is this, diffolve the ſaline Body in Water, after 
which filter the Solution, which being evaporated until a little Film appears 
upon it, runs into Cryſtal. Diſſolution and Filtration are made Uſe of, 
that the Salts may be purged from all Droſs ; otherwiſe if any foreign Mat- 
ter ſhould get in, not only the Tranſparency of the Cryſtals would be im- 
paired, but their Figure alſo would be mangled and broken. 
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8 
e r. 
Of the Figures of Salts. 


| is generally agreed, that all Bodies have their Salis, which produce 
many ſurpriſing Changes, by their different Configurations and Impret- 
ſions, both in Solids and Fluids, in Things animate and inanimate. As to 
the Figures of them, they are obvious to every Beholder ; their Beauty and 
Variety are ſo admirable, that ſcarce any Thing in Nature can entertain the 
Eye more agreeably than theſe do, when it is aſſiſted with a good Mi- 
croſcope. | oy 
In common Salt, we plainly diſcover quadrilateral Pyramids with ſquare 
| Baſes. In Sugar, the ſame Pyramids with oblong and rectangular Baſes. 
In Alum, they riſe with fix Sides, ſupported with an hexagonal Baſe. The 
_ Cryſtals of Yitriols, reſemble Icicles, united one to another with great Va- 
riety, among which he ſome Polygons. -Sal-Armoniack vety elegantly imi- 
tates the Branches of a Tree; and Hart's-Horn looks like a Quiver of Ar- 
rows; Glauber's Sal Mirabilis, which is made of common Salt and Vitriol, 
exhibits the Figure of both Salts. . Nitre appears in certain priſmatick Co- 
lumns, not much unlike Bundles of Sticks; among which there are inter- 
ſpers'd ſome of a Rhomboidal, and Pentagonal Figure, which feem to 
come very near thoſe of common Salt. Hence Lemery very juſtly remarked, 
that Nizre could not be purified by any Art or Contrivance whatſoever, 
but ſomething of a Sal Gem, or foſſi! Salt, would ſtick to it; but Salt of 
Zin out-does all for Beauty, in which are Lines like little Needles, that 
ſpread themſelves every where from a Point, as from a Center, fo as to re- 
preſent a Star, much like what we ſee in the Regulus of Mars. 
Salts have this peculiar Property, that let them be ever ſo divided and 
reduced into minute Particles, yet when they are formed into Cryſtals, they 
each of them re- aſſume their proper Shape; ſo that they may be as eaſily 
diveſted and deprived of their Saltneſs, as of their Figure. Whence by 
knowing the Figure of the Cryſtals, we may underſtand what the Texture 
of the Particles ought to be, which can form theſe Cyyſtals. And by know- 
ing the Texture of the Particles, we may determine the Figures of the Cry- 
' ftals. For fince the Figures of the moſt ſimple Parts remain always the 
ſame, *tis evident the Figures which they run into, when compounded and 
united, muſt be uniform and conſtant. | 
Eſjential Salts are made by expreſſing the Juice of any Plant, and ſetting 
it in a Cellar to ſhoot; which ſome do in ſmall Quantities, 


Fixed 
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Fixed Salts are made as follows: 


Take any Plant, and burn it on a clean Hearth, and rake the Aſhes as 
long as any Fire appears among them; put thoſe Aſhes into an unglazed 
Pan, which ſet in a calcining Furnace, make Fire about it till the Pan is 
red-hot ; where keep it, continually ſtirring the Aſhes without any Black- 
_ neſs. Then put them into a clean Pan, and pour hot Water upon them; 
when that Water 1s ſufficiently impregnated with Salt, filter it, and evapo- 
rate to a Dryneſs, until the Aſhes are left inſipid. 

The Salts of Metals or Minerals are to be come at, by quenching them, 
when red hot in Water, then filtering, evaporating, and cryſtallizing. 

If Allum be burnt, diſſolved in Water, and ftrained, its Cryſtals will 
conſiſt of two ſexangular Planes, whoſe Sides are bounded by fix other, three 
of which are quadrilateral, having between them three of a ſexangular Fi- 
gure ; as at Fig. 548. 
Green /Vitriol affords Cryſtals, which are made up of ten unequal ſided 
Planes, the Middle-moſt are Pentagons, and each of its ſharp Ends triangu- 
lar Planes; as at Fig. 549. | | 

The Cryſtals of our Inland Salt Springs are of a cubical Figure, as at 

Fig. 550. 
| Sell Putre ſhoots into long Cryſtals, whoſe Sides are fix Parallelograms ; 
as at Fig. 551. 5 ; 
It has been already mentioned, that Vinegar owes its Pungency to the 
Salts which float therein; their Shape is ſeen at Fig. 552. Expoſe a Drop 
or two of Vinegar to the open Air for an Hour or two upon the Object- car- 
rying Glaſs R, that its watery Parts may evaporate ; then apply it to the 
Microſcope. LY 5 
The Salts of Sugar candy d, are repreſented at Fig. 553. The Salis of 
Nitre are ſeen at Fig. 554. The Salts of Campbire, at Fig. 555. Sal Gem 
is repreſented at Fig. 556. and Sal Armoniack at Fig. 557. 


It is beſt to examine all Salts in the ſmalleſt Maſſes, for in them their 
Shape will be beſt diſcovered. 


CHAP.  XLVE- 


8 Se r. I 5 
On ſtriking Fire with a Flint and Steel, &c. 


N ftriking: Fire with a Flint againft a Steel, little Particles of Steel 
are ſtruck of, and melted into Globules by the Collifion ; which will 

be evident on ſpreading a Sheet of white Paper, and obſerving the Place 
where ſeveral of theſe little Sparks ſeem to vaniſh. Mr. Hook examined 
ſeveral of them with a Microſcope, and found that a black Particle, no big- 


ger 
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ger than a Pin's Point, appear'd like a Ball of poliſh'd Steel, as at Fig. 558. 
and ſtrongly reflected the Image of the Window, and of a Stick which he 
moved up and down berween the Light and it. Others were, as to their 
Bulk, pretty round, but their Surface not fo {mooth ; ſome were cracked, 
as Fig. 559. others broke in two, and hollow, as Fig. 561. ſeveral others 
were found of other Shapes; but that repreſented at Fig. 560. was ob- 
ſerved to be a big Spark of Fire, and ſtuck to the Flint, by the Root F, 
at the End of which Stem was faſtened an Hemiſphere, or hollow Ball. It 
is alſo remarkable, that ſome of theſe Sparks are Slivers, or Chips of Iron 
vitrified, others are only the Slivers melted into Balls, without Vitrification, * 
and the third Kind are only ſmall Slivers of the Iron, made red-hot with 

the Violence of the Stroke given on the Steel by the Flint. 

Many Sorts of Sand, ſome gather'd on the Sea-ſhore, or on the Sides of 
Rivers, and ſome found on the Land, differ in the Size, Form, and Colour 
of their Grains, ſome being tranſparent, others opake, ſome have rough, 
and others quite ſmooth Surfaces. It would be endleſs to deſcribe all the 
Figures to be met with in theſe Kind of minute Bodies, they being ſpheri- 

cal, oval, pyramidal, conical, priſmatical, &c. Mr. Hook trying ſeveral 
magnifying Glaſſes, by viewing a Parcel of white Sand, caſually hit upon 
one of the Grains, which was exactly ſhaped and wreathed like a Shell, 
which he ſeparated from the reſt of the Granules, and found it to appear to 
the naked Eye no bigger than a Pin's Point, but when viewed in the Mi- 
croſcope, it appear'd as in Fig. 562. reſembling the Shell of a ſmall Water 
Snail ; Þ it had twelve Wreathings, growing all proportionably one leſs than 
the other, towards the Middle or Center of the Shell, where there was a 
very {mall round white Spot. In this minute Shell we have a very good 
| Inftance of the Curioſity of Nature, in another Kind of Animals, removed 
by their Smallneſs beyond the Reach of the naked Eye; and as there are ſe- 
veral Sorts of Inſects and Vegetables, ſo ſmall as to have had no Names; 
ſo hkewife by this, we find there are alſo exceeding ſmall, or rather minute 
Shell-fiſh. Nature, by the Aſſiſtance of the Microſcope, having ſhewn to 
us her Curioſities, in every Tribe of Animals, Vegetables, and Minerals. 


. 

Of ſmall Diamonds or Sparks in Flint. 
A Flint Stone being broke in Pieces, the inſide Cavity of it appear'd to 
© > be cruſted all over with a pretty candid Subſtance, reflecting the Light 


from ſome of its Parts very vividly ; but on examining it with the Micro- 
ſcope, the whole Surface of that Cavity could be perceived to be beſet with 


® Hook's Micr. p. 44. T bid. p. 80. 
a Mul- 
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a Multitude of little cryſtalline or adamantine Bodies, curiouſly ſhaped, as 
at B, Fig. 563. and afforded a very agreeable Object. ä a 

An Atom, or Globule of Quickflver, when placed before the Microſcope, 
ſeems like a convex Mirrour, in which may be ſeen all the circumambient 
Bodies; as the Windows, Trees, and Furniture, Sc. 


S nc r. BE. | 
Of Mercurial Powders, &C. 


I thoſe chymical Preparations of Mercury, which is called Turbith Mi- 
neral, Mercurins Vite, Dulcis, Sublimate, Precipitate, and Mercury Coſme- 
tical, Calomel, and all other mercurial Powders, are found, when examined 
by the Microſcope, to be full of minute Globules of crude and unalter'd Mer- 
cury ; which-ſhews, that thoſe chymical Preparations are not ſo purely exalt- 
ed and prepared as they are preſumed to be, nor the Mercury any Way 
tranſmuted, but by an atomical Diviſion rendered inſenſible. 


C HAP. XLVIII. 
The Nature of Snow, &c. 


| ANY of the Parts of Snow, are for the moſt Part of a regular Fi- 
gure, and as it were ſo many Rowels or Stars with fix Points, and 
are as perfect and tranſparent Ice“ as any we ſee on a Pool of Water; at each 
of theſe fix Points are ſet other collateral Points, and theſe always at the 
ſame Angles with the principal Points themſelves ; that amongſt theſe, many 
others alike regular, but far ſmaller, may be diſcover'd ; there are alſo ſome 
| others, which ſeem to have loſt their Regularity, by various Winds, being 
firſt gently thawed, and then frozen again into irregular Maſſes ; from all 
which, Snow ſeems to be an infinite Number of Icicles, regularly figured, not 
only in ſome few Parts thereof, but originally in the whole Body of it; not 
ſo much as one Particle of ſo many Millions being originally indeterminate 


or irregular ; that is, a Cloud of Vapours being gather'd into Drops, do 


forthwith deſcend ; in which Deſcent, meeting with a freezing Wind, or at 
leaſt paſſing through a colder Region of the Air, each Drop is immediately 
frozen into an Icicle, ſhooting itſelf into Points or Icicles on all Sides from 
the Center; but ſtill continuing their Deſcent, and meeting with warmer 
Air, ſome are thawed and blunted; others broken, but the greateſt Num- 
ber cling together in ſeveral Parcels, and form what we call Flakes of Snow ; 
hence we underſtand why Snow, tho” it ſeems to be ſoft, is really hard, be- 


* Philoſ. Tranſ. No. 92. 
cauſe 
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cauſe it is a real Ice, whoſe inſeparable Property is to be hard, its Softneſs 
being only apparent. The firſt Touch of the Finger upon any of its ſharp 
Edges or Points inſtantly thaws them, otherwiſe they would pierce the Fin- 

gers like ſo many Lancets; and hence alſo why Snow, tho? a real Ice, and 
10 denſe and hard a Body is notwithſtanding very light, which is the extream 

Thinneſs of each Icicle in reſpect of its Breadth : Hence it alſo appears, 

why Snow is white, becauſe it conſiſts of Parts, each of which ſingly is tranſ- 

parent, but mixed together, appear white, as the Parts of Froth, Glaſs, 

Ice, and other tranſparent Bodies, whether ſoft or hard. 

AB CDE F, Fig. 564. repreſents a few of an infinite Variety of cu- 
rious Figures that are to be obſerved in Suow. 
In which it was obſervable, that if they were of any regular Figures, 
they were always branched out with fix principal Branches, of equal Length 
and Shape. As theſe Stems were for the moſt Part of the ſame Make in one 
Flake, ſo were they in differently figured Flakes, very different; but this 
was conſtantly obſerved, that of whatever Figure one of the Branches were 
of, the reſt were exactly the ſame. 

The Point of an exceeding ſmall Needle, appeared, when greatly magni- 
fied like Fig. 565. neither round nor flat, but very irregular, and tho* to 
the naked Eye 1t was very ſmooth and ſharp, yet upon this Examination, 
it appear'd to be full of Holes “ and Scratches; ſo unaccurate is human Art 
in all its Productions, even in theſe which ſeem to be the moſt neat, that if 
_ examined with an Organ more accurate than that by which they were made, 

the more we ſee of their Shape, the leſs Appearance will there be of their 
Beauty ; whereas in the Works of Nature, the deepeſt Diſcoveries ſhew us 
the greateſt Excellencies ; for in the Sting of a Gnat, or a Bee, the Proboſcis 
of a Butterfly, or Flea, they appear, when examined by the Microſcope, to 
be formed with the moſt ſurpriſing Beauty, exquiſite Workmanſhip, and 
an exact Regularity of, and Likeneſs in Parts is preſerved in each Parti- 
cular of every Species ; an evident Argument, that he who was, and 1s the 
Author of all theſe Things, is no other than OmnieoTEnT'; being able 
to include as great a Variety of Parts and Contrivances in the moſt minute 
Point, as in the largeſt Body. | | 
Pig. 566. repreſents a very ſmall Dot, Tittle, or Point, that is generally 
the Mark of a full Stop or Period. Amongſt Multitudes that were obſerved 
by the Microſcope, few could be found ſo round and even as this here deli- 
neated, but when greatly magnified, it appear'd to be rough, jagged, 
and uneven all about its Edges, and very far from being truly round, as at 
Fig. 567. the moſt curious and ſmoothly engraved Strokes and Points, 
when examined by the Microſcope, look but like ſo many Furrows and 
Holes ; and their printed Impreſſions, bur like ſmutry Daubings on a Mart, 


* Hook's Micr. p. 2. „ 
| Or 
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or uneven Floor, made with a blunt extinguiſhed Brand. Several Pieces 
of ſmall Writing, reckoned very curious of their Kind, one of which in the 
Breadth of a Silver T wo-pence, compriz'd the Lord's Prayer, the Apoſtles 
Creed, the Ten Commandments, and about ſix Verſes beſides out of the Bible, 
being examined by the Microſcope, ſhew'd what the Writer had aſſerted was 
true, but withal diſcovered it to be compoſed of as ſhapeleſs, barbarous, and 
uncouth Letters, as if written in Arabian and Chineſe Characters. 

A Part of the Edge of a very keen Razor was ſo placed between the Micro- 
ſcope, and the Light, that there appear'd a Reflection from the very Edges, 
and was perceived to be ſharper in ſome Places than in others, indented ar 
others, broader and thicker at others, and unequal and rugged ; that Part of 
the Edge which is poliſhed by the Hone, appear'd to be prodigiouſly full 
of Scratches, croſſing each other every Way; beſides it had ſeveral deep 
Furrows. That Part of the Razor which was poliſhed upon the Wheel, look- 
ed almoſt as rough as a plowed Field. * 

Mr. Leeuwenhoek cauſed himſelf to be ſhaved with the ſharpeſt Razor he 
could pick out of five by the Help of a magnifying Glaſs. At firſt it was 
very ſoft and eaſy, but at laſt it grew ſo painful he could not endure it, 
and upon viewing it with his Microſcope, he found in it many more Notches 
than at firſt. In another he found little Holes in ſix ſeveral Places near the 
Edge. He waſhed the Back of his Hand with plain Water, and then with 
this ſame Razor ſcraped off the little Hairs, and on obſerving the Razor 
again, found that thoſe little Holes were turn'd into Notches, and that ſe- 
veral Pieces of the Razor were broken out. From whence it appears, that 
if the Razor be too ſoft, it yields to the Hairs, if too hard, the Hair cauſes 
ſeveral Notches in it. In ſhort when we obſerve thro* a Microſcope the ſe- 
veral Notches there are in the fineſt Razor, it is ſurpriſing how any of them 
can cut ſo well. F i . | 

Fig. 568. repreſents a Piece of exceeding fine Lawn, as it appear'd thro? 
the Microſcope, which from the great Diſtances between its Threads, ap- 
pears like a Lattice, and the Threads themſelves ſeem coarſer than Rope- 
Yarn. | „ | 

Fig. 569. exhibits a microſcopick Appearance of a. very fine Piece of 
| Ribband, being not much unlike that Subſtance of which Door-Mats are 
made. If the Silk be white, each Thread appears like a Bundle or Wreath 
of tranſparent Cylinders; if colour'd, they appear curiouſly tingid, each of 
which affording in ſome Part or other a vivid Reflection, in ſo much, that 

the Reflection of Red appear'd as if coming from ſo many Garnets or 
Rubies. | 

Hence it is evident, that there are but few artificial Things worth ob- 

ſerving with a Microſcope, for which Reaſon I ſhall conclude here ; the 


* Hook's Micr. p. 4. + Phil. Tranſ. No. 253. 1 
| 1 1 T9» 


242 Artificial Things. 

Productions of Art being ſuch rude miſhapen Things, that when viewed 
with that Inſtrument, we can. obſerve very little in them but their Deformity. 
The moſt curious Carvings, appear no better than thoſe rude Ruſſian Ima- 
ges mentioned by Purchas; where three Notches at the End of a Stick ſtood 
for a Face: And the moſt ſmooth. and poliſhed Surfaces that we can poſ- 
ſibly meet with, appear rough and uneven. Therefore why ſhould we endea- 
vour to find Beauties in Things which were deſigned for no higher a Uſe 
than to be viewed by our naked Eye? But only that we may fee the De- 
felts of human Art, when compared to thoſe of Nature, in whoſe: Forms 
there are ſomething ſo ſurprizingly ſmall and curious, and their deſign'd 
Buſineſs fo far removed beyond the Reach of our natural Sight, that the 
more we magnify thoſe minute Objects, the more Excellencies and My- 
ſteries appear; and the more we are enabled to diſcover the Weakneſs of- 
our own Senſes, as well as the Omnipotency and infinite Per fections of the 
Great CREATOR. 
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Mathematical, Philoſophical, and Optical 
| TNSTRUMENTS,. 
| As Mage and Sold by OR 
GEORGE ADAMS, 
A Tycho Brahe's Head, in Fleet Street, London. 


HE Study of the Mathematicks is now ſo generally eſteemed, 


a 


3X T 3 as to become a neceſſary Part of almoſt every Gentleman's Edu- 
COT cation. Nor need we wonder at the great Progreſs, which this 
ee Science has, of late Years, made in moſt Parts of Europe; ſince 
it contains ſuch an inexhauſtible Fund of uſeful Knowledge, as is ſuffi- 
cient to gratify almoſt every Taſte, and employ every Talent. The no- 
 bleſt Genius may, in the Purſuit of it, exert his utmoſt Faculties; and the 
meaneſt will not fail of finding ſomething that is within his Reach. The 
Theory affords an ample Field to the ſpeculative Part of Mankind, and the 
Practice is productive of ſeveral Advantages to Men of Action and Buſineſs. 
In order, therefore, to render this Treatiſe, in ſome Meaſure, of ge- 
neral Uſe, I have ſubjoined an extenſive Car ALOSuE, of the greateſt. 
Part of Mathematical, Philoſophical, and Optical Inftruments, that are now 
in Uſe among the moſt judicious and learned Men throughout Europe. 
Mathematical Inſtruments are the Means by which thoſe noble Sciences, 
Geometry and Philoſophy, are render'd uſeful in the Affairs of Life. By 
their Aſſiſtance an abſtracted and unprofitable Speculation, is made benefi- 
cial in a thouſand Inſtances : In a Word, they enable us to connect Theory 
with Practice, and ſo turn what was only bare Contemplation, into the moſt 


ſubſtantial Uſes. 
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The Knowledge of theſe leads to that of practical MarTHEMATIcks, and 
experimental PHILOSOPHY ; ſo that the Uſes of mathematical and philo- 
| ſophical Inſtruments, make perhaps one of the moſt ſerviceable Branches 
of Learning in the whole World; and the natural Way, therefore, of ren- 
dering this Knowledge general and diffuſive, is by making that of its In- 
ſtruments lo. | =D 

As practical Mathematicks, and experimental Philoſophy, teach us the 
Powers of Nature, the Properties of natural Bodies, and their mutual Actions 
on one another: This Knowledge cannot be attained without [nſtru- 
ments, and the Concluſions and Proofs we expect from it, depend very 
much upon their Exactneſ. In order therefore to give a ſufficient 
Satis faction to thoſe Gentlemen who have honour'd me with their Cuſtom, 
it hath always been my particular and greateſt Aim to produce ſuch In- 
ftruments as might facilitate the Progreſs of Mathematical and Philoſophical 
Learning, which Motive hath been, and ſtill is as preſſing with me as that 
of. Intereſt. For, _ - 

In the Conſtruction of all the Machines I have ever made, my firſt and 
greateſt Care hath been to procure good Models and Drawings , 
ſeveral of them I have imitated from the beft Authors, as well Foreigners, 
as thoſe of our own Country; I have alter'd and improved others, and have 
added many new ones of my own Invention. And, SED 

1. In all my Peformances I endeavour not to augment the Inſtruments 

and Machines with ſuperfluous Ornaments, both that they may be of frequent 
Uſe to thoſe of middling Fortunes, and that their Neatneſs may render them 
not unworthy of a Place in the Cabinets of the Curious. . 

2. That their Exactneſs may be particularly attended to, I always inſpect 
and direct the ſeveral Pieces myſelf, ſee them all combined in my on 
Houſe, and finiſh the moſt curious Parts thereof with my own Hands. 

3. To the End that their Conſtruction may be as ſimple and ſubſtantial as 
the Uſes of the Inſtruments will admit; it is my conſtant Study to contrive 
them in ſuch a Manner that they may be managed with the greateſt Eaſe. 

4. I alſo have Reſpect to their being made applicable to ſeveral Opera- 
tions, eſpecially when the Extent of their Uſe does not prejudice their Sim- 
plicity, to the End that Inſtruments may not be multiplied without 
Neceſlity. | - | 

In the following Car ALOE I have ranged the Inſtruments in Claſſes 
under the Heads of their ſeveral Branches, and have number d each parti- 
cular Inſtrument, ſo that if a Gentleman is deſirous of any one or more of 
them, and is at any Diſtance from Lonpon, he need only ſend me the 
Numbers adjoining to thoſe he intends to purchaſe, and he ſhall be ſerved 
with Fidelity, and at the loweſt Prices. 8 


Inſtruments 
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Inſtruments for Geometry, Dranwi 2 &c. 


Ariety of Pocket Caſes of Drawing Inſtruments, in Silver, __ Se. 
Containing, 
1 Plain Compaſſes for meaſuring Lines, &c. 
2 Drawing Compaſſes, with three moveable Points, viz. an Ink Point for 


ſweeping Circles, or Arches of any determinate Thickneſs, a dotting 
Point, and a black Lead Point. 


3 A Drawing Pen, either with or without a protracting Pin. 
4 A Seftor for finding Proportions between Quantities of the ſame Kind, 
as between Lines and Lines, Surfaces and Surfaces, Sc. either of 


Box, Ivory, Braſs, Silver, &c. 
5 Plain Scales, or, 


6 A ſquare Protractor, or, i 1 ; 
7 Parallel Ruler, which is al- either of Box, Ivory, Braſs, Silver, &c. 
ſo a Protractor, Sc. 
8 A Semicircle Protractor of Braſs. 
In the beſt Caſes, the Compaſſes are always made with Steel Joints, 
and the Knibs of all the Pens are made to turn up, or open with a 
Joint, in order to clean them, in which are alſo ſometimes put, 
9 A Pair of Hair Compaſſes, ſo contrived on the Inſide of one of the 
Legs, that an Extent may be taken to an Hair's Breadth. 
10 A Pair of circular Compaſſes, with which a Circle as {mall as a Pin's 
Head may be deſcribed. 
In a Magazine Caſe of Drowing Inſtruments, is generally contain'd 
all the above Inſtruments, together with the following Particulars. 
11 A Pair of Drawing Compaſſes, with moveable Legs longer than thoſe 
of No. 2. 
12 A Pair of ſtrong Compaſſes, with Calliper and cutting Points. 
13 A Pair of Beam Compaſſes, for drawing larger Circles, and taking larger 
Extents. 
14 A Pair of Proportionable Compaſſes, for the ready diminiſhing Plans or 
Drawings, in any aſſigned Proportion. 
15 A 12 Inch Braſs Sector, of a peculiar Make. 
16 A Pair of Triangular Compaſſes for transferring three or * Points 
17 A Pair of Quadrangu Me at once, from a Map or any * to 
another to be copied. 
18 A Pair of Compaſſes, with two Pair of Points, whoſe ſhorter Legs are 
at all Openings always half the Diſtance of the longer ones. 
19 A Pair of Plat Compaſſes for meaſuring Charts, 1 
2 20 4-: 
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20 A tracing Point having at its upper End an oval Plate for clearing the 
Drawing Pen of any Dirt or Grit that may happen between the 
Knibs, and in tlie Middle thereof is a protracting Pin. 
Elliptical Compaſſes for drawing Ellipſis or Ovals of various Sizes. 

22 1 Bow for drawing curved Lines. 

23 A Porte craiyon. 
24 A large Plain Scale, 
25 A Plotting Scale, f Sometimes theſe are all made in one Inſtrument. 
25 A Protrattor, 
27 Plain and Parallel Rulers, of ſeveral Sizes. 
23 Bottles and Shells of Water Colours. 

29 Ivory Pallates for Indian Ink and Colours. 

30 A Pointrel and Feeder. 

31 A Pair of Gunners Callippers. 

32 A Recipient Angle for meaſuring the external and internal 155 of 

Fortifications, Buildings, Sc. 

33 Dialling Scales, &c. 

In theſe Magazine Caſes, Gentlemen may have what Number of 
Inſtruments they think proper, 

34 The Solids in Euclid's Elements cut in Wood, with all their proper Sec- 
tions, deſign*d on Purpoſe for the Eaſe of thoſe Perſons, who would 
inform themſelves demonſtratively in the Practice of Perſpettive, 

Menſuration, Sphericks, &c. 
5 The five regular Solids, or Platonick Bodies cut in Wood. 

36 A Cylinder biſected. | 

37 A Cone with all its proper Sections. 


Rules of all Sorts, 


For Meaſuring of Timber, Stone, Painting, Brick-work, Plaiſter- 
ing, Glazing, Gauging, &c, * 


Arpenters Rules. 
Folding Rules. 
40 CoggeſpalPs Sliding Rules for meaſuring Timber. 
41 Scammaxzi's Rules. 
42 Everard's Sliding Rule for Gauging. 
43 Leadbeater's Sliding Rule. 
44 Peroy's Sliding Rule. 
45 Brenan's Rule. 
46 Malt Canes. 
47 Dimenſion Canes. 
48 Four 
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48 Four-Foot Gauging Rule with Joints. 

49 Five Foot Ditto. 
50 Tape Boxes. 

31 Five Foot Rods, for meaſuring Brick-work, Wainſcotting, Painting, 

&c. | | . | 

522 Ditto, in Canes. 

53 Horſe Meaſures in Sticks and Canes, Cc. 


-0 


Surveying Inſtruments. 
54 DLain Tables, with an Index and Sights, whereby the Draught or 
Plan is taken on the Spot, without any future Protraction, hav- 
ing a Compals fitted: to one of its Sides, and the whole fixed up- 


on a Ball Socket, with a three legg'd Staff, upon which it may 


be turn'd round, or-faſten'd with a Screw, as Occaſion requires. 
55. Plain Tables improv'd,. with an Index of a peculiar Make, whereby 
| the Line of Sights in viewing, is always over the Center of the 
Table, which alſo is readily. ſet over the Station Hole, the Sta- 
tion Lines are likewiſe drawn paralle} to thoſe meaſured on the 
Land; and the Table is ſet: horizontal by a Spirit Level, Cc. 
Plain Tables are very uſeful: in taking the Ground Plot of Build- 
ings, and meaſuring Gardens, or: ſmall' Encloſures (where the Short- 
_ neſs of Lines, and Multiplicity of Angles are apt to breed Confuſion 
in protracting) but by no Means fit for ſurveying large Tracts of 
Land, becauſe the leaſt Moiſture, or Dampneſs in the Air, makes 
the Paper not only ſink, but run up when dried again, and there- 
by the Lines drawn thereon, make the Content leſs than it ſhould 
be; and in the leaſt Rain or Miſt the Inſtrument is not at all to be 
uſed, which Reaſons has induced moſt Perſons to uſe fitter Inſtru- 
ments for large Tracts of Ground. As the 
56 Theodolite, for meaſuring Angles, Diſtances, Altitudes, Sc. Thoſe 
Inſtruments are made various Ways, ſome being more ſimple and 
portable, others more accurate and expeditious. Mn 
57 The Plain Theodolite, which conſiſts of four plain Sights, two faſten'd 
to the Limb, and two on the Ends of the Index, with a Compaſs 
on the Index Plate, divided into Degrees, and the Limb ſubdivided 
into Minutes by a Nonius Diviſion, the whole fitted on a Ball and 
Socket, and that placed upon a three-legg'd Staff. 
58 Theodolites, with all the above Particulars, and the Addition of a Te- 
leſcope. | 
59 Theodolites of the lateſt Improvement, being the moſt accurate Inſtru- 
ment yet invented for ſurveying Land, which by a- peculiar Con- 
trivance 
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trivance in the Head of the Staff, may be ſet truly horizontal. On 
the Index, and over the Compaſs-Box is fixed a double Sextant, to 
move exactly in a vertical Circle, within which is a Spirit Level, and 
over that a Teleſcope, ſo contrived, that when the Bubble reſts in 
the Middle of the Spirit Tube, the Interſection of the Hairs in the 
Teleſcope will cut an exact Level, tne double Sextant is divided in 
ſuch a Manner as to ſhew on one Side thereof the Degrees and Mi- 
nutes of any Altitude or Depreſſion within the Extent of its Divi- 
ſions. On the other Side are Diviſions for taking the Height of 
Timber ſtanding in Feet; and on the Limb there are alſo Divi- 
ſions for meaſuring its Breadth. It muſt be alſo obſerved here, that 
both horizontal. and vertical Angles are obſerved at the ſame Time, 
which is extreamly uſeful in laying down Plots, when the hypothe- 
nuſal are to be reduced to horizontal Lines; when the Teleſcope is 
directed to any Object, the whole Inſtrument is fixed in ſo firm a 
Manner, that on directing the Teleſcope to the next, the Limb 
remains entirely ſtedfaſt, which in other Inſtruments of this Sort, is 
very difficult to be effected. 
60 Circumferentors, the principal ſurveying Inſtrument uſed in the V ſt 
Indies. It is very fimple, yet expeditious in the Practice, and con- 
ſiſts only in a Braſs Circle, with a Compaſs divided into 360 De- 
grees, on the Center of which is ſuſpended a magnetical Needle, 
and an Index, on whoſe Extremities are two Sights; the whole is 


mounted on a Staff, and ſometimes for Conveniency of its Motion, 
on a Ball and Socket. 


61 Gunters, or four Pole Chains. 
62 Offset Staves. 


63 Sets of Arrows for the C hls 


64 Air Levels which ſhew the Line of Level, * Means of a Bubble of 
Air and Spirits of Wine hermetically incloſed within a Glaſs Tube, 
which is mounted in a Braſs Tube, on a particular Frame, and may 
be included in a Caſe for the Pocket. 
65 Air Levels, with Sights, which conſiſt of an Air Level ſet in a Braſs 
Tube, with an Aperture in the Middle, being fixed on a ſtraight 


Ruler on whoſe Ends are Sights for taking the Level of any Place. 


66 Air Levels, with Teleſcope Sights, are ſomewhat like the former, but 


with this Difference, that inſtead of plain Sights it carries a Te- 
leſcope to determine the Point of Level preciſely, at a good Di- 
ſtance, theſe Levels are mounted on a three-legg'd Staff, and have a 


particular Contrivance ; by which they may be adjuſted (if put out 
of Order) to a true Level at any one Station. 
67 Artillery Levels. 


68 Gunners Levels. 
69 Le- 
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69 Levelling Staves. 

5 Plotting Scales. 

71 Sets of feather-edg'd Scales. 

72 Hair Scales. 

73 Parallel Rulers for Plotting. 

74 An 8 Protractor, and Plotting Scale, in Form of a Beam- 

| mpa 

75 Parallelograms, for the ready and exact Reduction, or copying of De- 
ſigns, Schemes, Prints, Sc. which is done hereby without any 
Knowledge or Habit of Deſigning. 

76 Pedometers, ſomewhat like a Watch, by which the Way may be 

meaſured in Walking, 

77 Meaſuring Wheels for Surveying of Land. 

78 Way-Wiſers, for Coaches. 

79 Way-Wiſers of a curious and particular Contrivance for Chaiſes, Sc. 

80 Gunners Quadrants, Heights, c. 

81 Curveying Quadrants, made of Braſs, or Wood, Ce. 


Navigation Inſtruments. 


5 2 er Scales. 
Sliding Gunter s. 

4, 4 Davies Quadrants. 

85 Mr. Hadley*s reflecting Quadrants. 

86 Mr. Smith's reflecting ants. 

87 Mr. Smith's, Capt. Middleton's, and Capt. hori- $ improv'd Azimuth 
Compaſs, 

88 The common Azimuth Compaſs. 

89 Azimuth Compaſs, on Friction Wheels. 

go An artificial Horizon of a new and curious Contrivance. 

91 Mariner's Compaſſes, either for the Binacle or Cabin. 

92 Nofurnals, adapted to the Polar Star, and the firſt of the Guards of 
the little Bear; and alſo to the Polar Star, and the Pointers of the 
great Bear. 

93 Netturnals, which are a Projection of the Sphere, ſuch as Planiſpheres, 

Hemiſpheres, Sc. 

94 Rettifiers = determining the Variation of the Compass, in order to 

rectify the Ship's Courſe. 
95 Plane Scales. — 
— An Inftrument for taking the Latitude of a Place at any Time of the 


Day. ay be eaſily m it immediately ſhews the Lati- 
K k tude 
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tude of the Place, and gives the Time of the Day at Sea, when 


no other Inſtrument will. 
g97 A Machine to meaſure the Strength of the Wind. 
98 A Machine to ſound the Depth of the Sea without a Line. 


99 A Contrivance to fetch up Water from any Depth of the Sea. 
100 Marine Barometers, for foretelling Storms at Sea. 
101 Sinical Quadrants. 


102 Teleſcopes, Proſpecte, and Spy-Glaſſes. 
103 EVI *, Charts, &c. 


Inſtruments for fhewing the Motion, Attraction, 
Weight, and Equilibrio of Bodies, &c. 


104 Machine and Glaſs-Planes for the Drop of Oil of Oranges. 

105 Two Planes in a Frame to be ſet in a Veſſel of tingid Liquor, 

106 Capillary Tubes and Apparatus. 

107 A Column with fliding Arms, additional Pieces, Nuts, Screws, 
Hooks, Pullies, c. of a very uſeful, curious, and particular Con- 
trivance, adapted to ſupport a great Number of the Apparatus, 
in which Pullies, Leavers, Ballances, Weights, Pendulums, Sc. 
are uſed both in Mechanicks and Hydroſtaticks. 

i108 A firong Ballance graduated, for explaining the Properties of 

Leavers, in which the Power, Refiſtance, and Point of Suſpenſion 


are moveable ; and may be readily placed in any given Proportions. 
109 A Priſm with a Steel Edge. 


110 Awls in Braſs Handles to illuſtrate the Center of Gravity. 


111 An Inſtrument and Apparatus for 3 Leavers. 
112 Compound Leavers. 

113 An Axis in Peritrochio. 
114 A double Cone, that runs up an inclin'd Plane, which is two Rulers, 
ſo diſpos'd as to be inclined to each other, and to the Horizon, 


which double Inclination may be varied as the Experiment re- 


quires. 
115 A Cylinder that runs up an inclined Plane. 
The two laſt Machines prove, that a Body cannot remain at reſt, 
when its Center of Gravity is not lowermoſt. 
116 A Machine to demonſtrate the Properties of an inclined Plane, fo 
cContrived, that its Inclination may be changed from an horizontal 
Plane to that of a vertical one, and the acting Power may be placed 
in any given Direction. 


117 A little Carriage, and its Appendages, for ſhewing the Advantage 
great 
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great Wheels have over little ones, and that in all Sorts of Roads, 
as Clay, Gravel, Sand, Pavements, e. 

118 Machines for oblique Forces. 

119 Blocks, or Sheaves of Pullies, after all the various Sorts of Combina- 
tions and Conſtructions, curiouſly framed, and turned in Braſs, 
and running either on Steel Arbors, or Pivots, in which all poſſi- 

ble Care is taken to diminiſh their Friction. 

120 A Machine to explain the Nature and Properties of the Wedge. In 
which the Wedge 'is formed of two jointed Rulers, that may be 
ſet to any Inclination from each other, by which Means the Baſe of 
the Wedge is varied, as may alſo its Force and Reſiſtance, by a 

new and cunous Contrivance. | 

121 A Collection of ſeveral Wheels and Pinions, to ſhew that either of 

| theſe act as Pullies, and their Proportions as Leavers. | 

122 A Model of Arehbymedes's Screw, the Effect of which becomes ſenſible, 
by the riſing of ſeveral little Balls therein. py 

123 A Machine for explaining the Nature of the Watch-Spring and Fuſſey. 

124 An Inſtrument to explain the Effects of Friction in Machines. 

125 A Machine for ſhewing the Accelleration of falling Bodies. 

126 A ſtrong Ballance, and its Appendages for the ſame Uſes. | 

Theſe two laſt Machines do not only ſhew that Bodies are accel- 
lerated by falling, but alſo makes the Laws of this Accelleration 
evident. | 

127 An Inſtrument to illuſtrate Motion and Velocity. 

128 A double Pendulum, mounted on a Trough, divided into two equal 
Parts by aPartition, for ſhewing the Proportians of reſſting Mediums. 

129 An Inftrument for comparing the Swiftneſs of a Body falling in a Cy- 

| cloid, with that of another Body, down an inclined Plane. 

130 Another Inſtrument for comparing the Deſcent of two Bodies, from 

any Part of an inverted Cylozd. 

131 A Machine to ſhew the Direction of a Body that is impreſſed with a 

rpendicular and horizontal Motion. 

132 Another Machine, by which is alſo ſhewn a Motion produced from 
two Directions. : 0 | 

133 A Machine for ſhewing the Line that a Body deſcribes in falling, 

after having received an horizontal Direction. Ei, 

134 A Machine for ſhewing the Motion of a Body, neglecting its proper 
Weight, after having received by falling, a Direction oblique to 
the Horizon. | : 

As the Curve in Queſtion depends upon the Obliquity of its 
Direction, the Inſtrument is conſtructed in ſuch a Manner, that the 
Degrees of its Obliquity may be varied. 3 

135 A Machine for explaining the Theory of central Forces; contrived in 
ſuch a Manner, that its Friction makes no ſenſible Error: * * 

= Y Ccle- 
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Celerity and Bulk of the Bodies may be varied at Pleaſure, Their 
Times are ſhewn by Sound, and the Spaces run through by an 
Index. 

136 A Glaſs Globe fixed to a double Axis, which may be whirl'd with 
any Degree of Velocity, both in a vertical and horizontal Di- 
rection. 

With this Machine the Effects of central Forces may be ſeen 
on Fluids of different ſpecifick Gravities, when mixed together, or 
on Solids which float therein. 

137 A flexible Globe, or Sphere, whoſe Poles are capable of being depreſ · 
ſed, on its being turned, by which Means the centrifugal Force 
raiſes the Equator, and repreſents the Form of an oblate Spheriod 
to the Eye, which is the Fi igure attributed to the Earth from the 
late Diſcoveries. 

138 A Machine for the Congreſs of Bodies, both elaſtick and non-elaſtick. 
Its Parts are adapted in the moſt convenient Manner, to facilitate 
a Contact which does not change the Direction of the Bodies, 

_ whoſe Solidities or Maſſes are in known Proportions ; the Points of 
Suſpenſion are advantageouſly diſpoſed, and their Effect made ſen- 
ſible by an Index. 


139 A Chronometer, or Inſtrument to meaſure ſmall Spaces of Time. 
140 A Machine and Table for compound Motion, in which the Hammers 


are ſuſpended in ſuch a Manner, as to regulate the Quantity of 
Motion, either by their Celerity or Weight. 

141 A graduated Arch, and ſwinging Scale, for ſhewing that a Body 
thrown up perpendicular from any other Body in Motion, will fall 
exactly on the fame Place, notwithſtanding both the Bodies are 
moved. 

142 An Apparatus to ſtrain Wires or Strings a- croſs a Room for Experi- 
ments of the like Nature. 

143 An Inſtrument to explain the Force of * &c. 

of a Preſs. 

of a Capſtan. 

of Cranes of various Sorts. 

of Mr. Allen's Crane at Bath. 

of an Engine to drive Piles, Sc. 

of an Engine to ſaw off the Tops of Piles under Water. 


Many other Models of Machines, which are principally deſigned 
to explain the Application of ſimple Machines, in thoſe which are 
combined, in all which Care is taken to leave thoſe Places expos d, 

where the chief Motions are to be obſerved. 
146 An Inſtrument to explain the Laws of Elaſticity, on Springs and 
Wires, Se. 


147 Large 


LY 
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147 Large Weights, for ſeveral Experiments. | 
148 Smaller — of a peculiar Shape, from half an Ounce to Six 
Poun 


140 A moveable Table for various — that 1 be rais'd or 


lower'd. 


150 A Pair of Scales for various Experiments. 


Inſtruments 2 Ext eriments on the Motion, Wi * 
uilibrio of Hluids. 


151 mens lin'd with Lead, and furniſhed with a cock; for ſeve- 
ral Hydroſtatical Experiments. 

I 52 A Glaſs Phial, with a ſolid Stopper, which in this State is heavier 
than a like Bulk of Water. 
153 Several Tubes bent in different Forms. 

154 An Apparatus for proving how Fluids preſs againſt the Bottom and 

| Sides of their containing Veſſels, being compoſed of ſeveral Veſ- 

ſels, which may be ſucceſſively placed upon one common Baſe ; 

the Piſton, which is the Bottom hereof, is fo adjuſted, as to cauſe 

. no ſenſible Error by its Friction, the Columns of the Fluid remain 

always at the ſame — and the Weights act in a uniform 


Manner. 
5 Flyaroſtatical Bellows. | 
= A Glaſs Tube with a Bladder fixed at one End. 
157 A Glaſs Bucket and wooden Cylinder. 
158 An Hydroſtatical Ballance of a commodious Structure. | 
139 An * Glaſs Ball with a Cock to it, to prove that Water weighs 
in Water. 
160 Areameters, or Liquor Proofs, of Glaſs. 
i161 Hydrometers of Braſs or Copper. 
162 A Glaſs Veſſel for chan _—_ Water into Wine, and vice e verſa. | 
163 A Braſs cylindrical Veſſel, with a Solid of the fame Size, to ſhew 
that Bodies plunged in Fluids become lighter. 
164 A Glaſs Veſſel to be ſuſpended to the Arm of a Ballance, for Expe- 
riments of the ſame Kind. 
165 Two Balls of the fame Weight, but of different ſpecifick Gravity, to 
be hung to the Arm of a Ballance, for ſhewing, that what Bodies 
loſe of their Weight, on being plunged into Water, is in Propor- 
tion to their Bulk. 
166 A Machine for ſhewing that a Body emerged in a Fluid, changes its 
relative Weight, when the Bulk of the Fluid in which it is, is 
either condenſed or rarified. 


167 A 
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167 A Syphon, open at Top, to which may be fixed an exhauſting Sy- 
ringe, mounted on a Frame with a graduated Scale, for —_ 
ring the Denſities of two Fluids at the ſame Time. 
168 A cylindrical Glaſs Veſſel, and hollow Images. 
169 Two cylindrical Glaſs Veſſels, mounted in a Frame, in which the 
hollow Glaſs Images may be moved by Compreſſion, without be- 
ing perceived by the Spectators. 
170 A Model of the diving Bell and Appara 


171 A common Syphon, and others 0 different Forms. 
172 A double Syphon. 


173 A Syphon, whoſe Arms are moveable by Means of 2 Knee-like 
Joint. | 


4 A Tantalus Cup of en Faſhions. 


1 : Glaſs Models of Sucking = ( with or without Air - Veſſels) 
Forcing > which ſhew the Reaſons of Fire-Engines, 
and Lifting playing with a continual Stream. 
x76 A Fountain of Command. 
177 — — Fiero, 
178 mm—_—_—_ Double. 


179 A large Fountain by compreſſed Air, with Variety of Jet d' Eaux, to 

which alſo may be applied an Apparatus for ſhewing the various 
Curves that are made by Projectiles. 

180 A Ballance to weigh Levity. 

181 An Apparatus to make Lead ſwim. 

182 An Apparatus to make Cork ink. 

183 A Column and Reſervoir for ſpouting Water, with Tubes that may be 

| inclined to any Angle Jet d' Eaux's, c. 

184 Two tall cylindrical narrow Jars, and ſeveral ſolid Cylinders of diffe- 
rent Woods, to ſhew that they will ſink differently according to 
their ſpecifick Gravities. 

185 A Glaſs-Bottle full of Holes. 

186 Glaſs Bubbles, which, on being immerged in Water, become ſpecifi- 
cally heavier, lighter, and of the Tame ſpecifick Gravity of the 
Water ſucceſſively. 

187 A Machine for ſnewing that Bodies emerged in Fluids, change their 
relative Weight, and will fink or riſe therein, as the Fluid in which 
they are become more denſe or rarified. 

This may be called an hydroſtatical Thermometer. | 

188 Two Glaſs Bubbles, one ſwimming at the Top, and the other lying 
at the Bottom of the Water in a Glaſs Jar, ſo contrived, that by 
pouring in more Water, the Bubbles ſhall change Place. 

189 A Machine for ſpouting Mercury, which ſhews the various Parabola's 
that are made * Projectiles, and particularly the Truth of the = 

ve 
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vera] Rules in the Art of Gunnery, being conſtructed in ſuch a cu- 
rious Manner, that the Force may be varied as Occaſion requires. 
190 A peculiar Sort of Syhon, the Orifices of its two Legs being in the 
ſame Line, and yet the Water will run out, and tho' the Orifices 
be but in Part immerged, yet the Water will rife. This Machine 
produces its Effefts tho* continuing dry for a long Time, that 
either of the Apertures being open'd, and the other remaining 
ſhut for Hours, or a whole Day, and then opened, the Water will 

flow out, and will rife and fall indifferently in either Leg. 


N. B. All the Models of Pumps, Fountains, Syphons, c. are 
_ of Glaſs, in which all the Parts of Action may be eaſily 
_—- ID | | 


Inſtruments for Pneumatical Experiments. 


191 A Small ſingle Barrel Air- Pump. | 

192 A large double Barrel ſtanding, or tall Air Pump and Apparatus. 

193 A double Barrel Table Air-Pump, which is the moſt uſeful of any, 

with a large Apparatus. 

194 A Machine particularly applicable to the double Barrel Zable Air-Pump, 
for whirling Bodies in Vacuo, of a new Contrivance, by which all 
the electrical Experiments on whirling Globes, either exhauſted of 
their Air, or not, may be repeated. 

195 An Apparatus for the Experiments of Fire in Vacuo. 

196 An Apparatus for the Experiments on Electricity in Vacuo. 

197 A N of neceſſary Things for Experiments on Electricity in 
acuo. 

198 A very tall Receiver compoſed of ſeveral Pieces, with a curious Ma- 

— chine at Top, by which Experiments on falling Bodies may be five 
Times repeated in Vacuum, when the Air is only once exhauſted. 

199 A double Transferer for communicating a Vacuum from one Re- 
ceiver to another. e 

200 Two Braſs Hemiſpheres, with a Stop- Cock and Rings. 

201 A Bottle with a Jet d' Eaux, and a long Tube with a Receiver, for 
ſne wing that a ſmall Quantity of included Air, preſſes equally with 
the whole correſpondent Column of the Atmoſphere. 

202 A Glaſs with a wooden Veſſel at its Top, to prove the Poroſity of Ve- 
getables. 

203 A proper Veſſel for proving the Skins of Animals are porous, and that 
an abortive Skin is not fo. 

204 A 
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204 A Machine to ſhew that denſe Air will drive a yielding Solid into a 
Space occupied by rarer Air. 

205 A Machine to ſtrike two Hammers againſt a Bell in Vacuo, and 
compreſſed Air. 

206 A Machine of a new Contrivance for making W in com- 
preſſed Air, and Apparatus thereto belonging. 

207 An injecting Syringe. 

208 A Wind-Gun, with a condenſing Syringe in its Stock, having a Ma- 
gazine of ſix Balls, from which one Ball at a Time may be put 

into the Barrel, without letting the Air eſcape, and once charging 

it with Air is ſufficient for the Diſcharge of all the Balls. 

209 Capillary Tubes of various Sizes. 


210 An Apparatus for the Mercurial Phoſphori. 
211 An Eolipile. 


212 An Eolipile on a Carriage. 


A ſolid Globe to be heated, and a Frame to receive the ſame. | 
213 \Thermometers, forg of Spirits of Wine. 


214 | meaſuring the In- I by Sir Iſaac Neætoton's. Spirits, 
215 §creaſe, and Decreaſe ) by Farenbeit's, Standard, ) Oyl, 
216\of the Heat and j by Reaumer's. either of } or 
217 JCold of the Air,{ by D'Life's, &. J (Mercury. 


218 Monſ. Azont's Apparatus, for determining that it is the Air's Preſſure 
which raiſes the Mercury in the Barometer. 

219 Diagonal 

220 Stagnant 

221 Portable 

222 Marine 

223 Dr. Moreland's Statical 

224 Mr. CafwelPs Baroſcope. 

225 An Apparatus for an artificial PR: 

226 An Apparatus for the Exploſion of Gun-powder in Vacuo, 


227 A Pyrometer of a new and curious Contrivance, for meaſuring the 
— of . ä 


Barometers. 


| Optical Inſtruments. 


228 FP e#ackes ground on Braſs Tools, ſet in Silver, Tortoiſeſhell, 
Horn, &fc. ' | 


229 Reading-Glaſſes, ſet in Variety of curious Frames. 


230 Concaves for My or — Perſons. 
231 Profpet#-Glaſſes o all Len 


232 Opera Glaſſes. | 
233 Diagonal Preſpects. 7 | 234 Te- 
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234 Teleſcopes of all I 
235 Newtonian reflecting 7 eleſcop & The Sn of which 3 are finiſhed 


236 _—_— reflecting PR ; with the greateſt Care. 
238 — — Opake | 

239 — Double 

240 — " Adams s new invented vue One And, 
241 ———— ſolar to do. 

242 — obſenrs of various Sorts. 


243 Camera obſcura, of peculiar 8 by which the Images of 
external Objects, are exhibited diſtinetiy on a Sheet of Paper, each 
_ cloathed in their native Colours, —— like their Objects; and 
at the ſame Time all their Motions are pred, which laſt no other 
Art can imitate. By Means of this Inftrument, a Perſon unac- 
quainted with Drawing, will be able w delineate Objects, to the 
laſt Accuracy and Juſtice z and another welvers'd | in e will 
find many Things herein to — his An. 


Inſtruments for Experiments on Lights and aum. 
244 3 Helioftata, or Machine 10 directing the Sun's Rays into 1 1 


dark Chamber, which of itſelf directa the Mirrour in a proper 
Manner, to caſt the 188 in the ſame Line for ſeveral Hours 
| 245 A Ni fir eving on the Attraction and Repul- 
5 ſion of the Rays of n Several Machines for Experiments on 
the Laws of the Refractions of the Rays he Light, viz, 
246 Boxes with Glaſs Sides. 
247 A wooden Box with ſliding Sides, and Ends. 
248 Boxes, with Segments of Spheres, fixed | in | their Sides, 
249 A ſolid Glaſs Cube. _ * 5 * which ch 
250 A particular Stand to manage theſe 8 y ＋ 
, be rd d, depreſſed, or turn'd round at Pleaſure. ty 7 
251 An artificial Eye, furniſhed with Lens's of different Foci or Pty 
to ſhew the Reaſons how G Sights and Myopes. 
252 A „ ee Vih Gigs Sides to — ay Seas of 
Refra&ion. 5 - 
3 Three Priſmatick Boxes. 
— Solid Glaſs Pri ſins, b on Feet; by "which deans * 7 be 
raiſed, depreſſed, inclined, or turned upon their Axis. * 
255 ———_——_— 3— dried, or 
PL1 2 56 Prifms 


268 Octagons, 
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256 Priſms of ſolid Glaſs not mounted. 2 

257 A Plane metalline Speculum, mounted on a ; Foot Ws may be 0e de- 
preſſed, inclined, or turned rqund at Pleaſure. 

258 A plain Glaſs Mirrour, mounted in the ſame Manner. 

259 Several Glaſs Lens's, mounted in Frames, on Feet. 

260 An Inſtrument to open a Paſſage for the Sun's Rays, with Holes of 
different Sizes. | 

261 A large double Convex Lens capſid, of two Segments, and mounted 


on a Foot for Experiments, on. the Refraction of different coloured 
Liquors. 


262 A large Paper Screen for Experiments on the Priſms, and the Solar 


Microſcope. 
263 Concave 
264 Convex | 
265 Cylinders, 


266 r 
267 Metalline 4 Pan, . dich deformed Pictures, | 


$ Mirrours of all Sizes. 


269 Pictures for a pyramidical Glaſs, 

270 Magick Lanthorns. 

271 Pictures to Ditto. 

272 Hollow Priſms that may be be 8 8 
273 An Inſtrument to determine the Refraction of Fluids. — 


Inſtruments, &c. * Experiments on Eleftricity, &c. 


274 Atural armed Load Stones. 
275 Artificial Loadſtones. 


276 SI of Filings, and Bits of Iron Wires, little Iron Balls, and * 
ers. 


277 A Trough with enamelled Swans and Frogs. 
278 An Iron Rod. 


279 A poliſhed Iron Blade. 


280 A Compaſs Dial. 


281 A long Needle in an oblong Bor. 
282 A Sea-Compals. 


283 Several Steel Needles touched on the Locus, 
284 A large Glaſs Tube, open at both Ends. | 


| 285 Another that may be exhauſted. 


286 A Glaſs Globe for whirling. 


287 Another that may be exhauſted and applied to the whirling Machine. 
288 Glaſs Plates. 


289 Se- 


Mathematical Inſtruments, Sc 
289 Several little Stands. 
290 A ſolid Stick of Sealing Wax, of a pron Length and Diameter. 
291 A Tube of Ditto. 
292 A Stick of Brimſtone. 

3 A Cone of Ditto, cover'd with a Glaſs. 
294 A little Amber Ball, and another of Coral. 
295 Several little Ivory Cups. 
296 A Metal Pyramid for the Communication of Electricity. 


297 A Suſpendor furniſhed with 3 of different . 
298 A Roſin Cake. 


299 A Cake of Roſin nl 


300 A Suſpendor furniſned with Silk Lines for communicating Electricity 
to living Bodies. 


301 A very long Packthread Swing, with Balls for communicating Elec- 
tricity a great Way. 
302 Silken Lines for the ſame Purpoſe. 1 
All the Apparatus neceſſary to perform electrical W 


as well in the open Air, as in Vacuum, are, if deſired, carefully 
diſpoſed 1 in one Box to make them portable. 


e for Afronmy, e &c. 


303 Gies, celgſia! and terreſtrial, of all Sizes, neatly fitted up, viz. 
of 3, 9, 12, 17, and * Inches Diameter, from the lateſt Ob- 
4 ſervations. 
304 Globes, fitted up in ſuch a Manner, that the Poles of the diurnal Mo- 
tion in a-celeſtial Globe, paſs in a Circle round the Poles of the 
Ecliptick, and ſerve the Purpoſes of Chronology and Hiſtory for 
Times paſt, and will alſo anſwer the ſame Things for any ſucceeding 
Times to come; by which Means a View of the Heaven is obtained 
ſuitable to every Period, and will anſwer the antient Deſcriptions, 
as Eudoxus, who is ſuppoſed to have borrowed his from the moſt 
early Obſervations, and of Hipparchus, &c. Nor can any Contri- 
trivance better enable the — Reader to judge of the Merits 
of the Controverſy about the . Expedition, as far as it 
depends on this, for it will verify to the Sight, the Place of the 
Colures, Cc. at any Time. By this Contrivance the celeſtial Globe 
may be ſo adjuſted, as to exhibit not only the Riſings and Settings 
of the Stars in all Ages, and Latitudes, hut the other Phznomena, 
likewiſe, that depend upon the Motion of the n Axis round 
the annual ones. 8 
zog Armillary Spheres of any Size, | 


L ! 2 5 306 Large 


* 
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306 Large Aſftronomical Quadrants, fitted with a Teleſcope for taking the 
Declination of the Sun, Moon, and Stars, in the Meridian. | 

307 Tranſit Inſtruments, for determining their right Aſcenſions. 

308 Portable Aſtronomical Quadrants, that have both a true horizontal and 
vertical Motion, for obſerving} the Altitudes of the Sun or Stars 
in any Poſition, with which (having a good portable Pendulum) 
the Meridian and Latitude of the Place will be readily determined ;. 
which may be of great Uſe on the Sea-Coaſt, and in the Surveys 
of Countries. r Cal WH Wes 

309 Equal Altitude Inſtruments for obſerving Stars of equal Heights, with 

which having a good portable Pendulum, the Meridian and Lati- 
tude of a Place may be very accurately found. | 

310 Teleſcopes, fitted with a Micrometer for obſerving the a t Mag- 
nitudes of the Sun, Moon, and Planets, with the Apulſes of the 
Moon and Planets to the fixed Stars, 

311 Mr. Gray's Inſtrument for drawing a Meridian Line and Teleſcope 

for obſerving the Time of the Night by the Pole Star. N 

312 Helioſcopes, or Inſtruments for obſerving the Spots in the Sun. 

313 ParrallaFick Teleſcopes. OS e 

314 An Aſtronomical Sector, which is a very commodious and accurate In- 

ſtrument, for taking ſuch Differences of right Aſcenſion and De- 
dlination, as are too large to be obſerved thro' a fixed Teleſcope, 
being very uſeful for obſerving the Places of the Planets or Comets 

when they are near any known Star. 1 * 

315 Meridian Teleſcopes for correcting the Motion of a Clock or Watch, 
and finding the aſcenſional Differences of any Objects in the Hea- 
vens, by taking the Times of their Tranſits over the crofs Hairs. 
The Differences of Declination of two ſuch Objects as will paſs over 

the Apertures of the Teleſcope, may be alſo found. 

316 Large double Inſtruments, containing two chief Parts connected toge- 

ther, having four ſeveral Motions, all moved by Rack Work. 
1. A circular Motion to ſhew all horizontal Angles. 2. A Se- 
micircular vertical Motion. 3. A circular equinoctial Motion, or 

for any Place at right Angles to the Vertical. 4. A Motion thro” a 

double Sextant, at right Angles to the Third, that has a refracting 
Teleſcope fixed to it. By this Inſtrument, all Angles, either ho- 
rzontal, or of Elevation or Depreſſion, the Azimuth and Alti- 
tude of any Star, the Meridian and Latitude of the Place, with 
the Hour of the Day and Night, are directly given; alſo the right 
Aſcenſion and Declination of the Moon, a Planet, Comet, or any 
os at one Obſervation ; which, if a Comet of quick Motion 
ould appear, may be repeated every five or fix Minutes, and 
thereby £4 Pach well known. * TOON 
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317 A new Univerſal Sun Dial, having all the aboveſaid four Motions 
dut performed in a different Manner, with a particular and curious 
Contrivance for finding the Time of the Day, within a few Se- 
conds of Time. | 
318 Horizontal Sun Dials of all Sizes and Sorts, for Pedeſtals in Gardens, 
or elſewhere. 
319 Portable Sum Dials of various Kinds. | 
320 Gnomonick Poiybedrons, with ſeveral Faces, whereon various kind 8 
of Dials are projected; of this Sort, that in the Privy-Garden, 
London, now gone to Ruin, was OP" — fineſt | in the World. 
32 1 Sutton's or Collins's Nuadrants. | 
322 Gunter's Yuadrants, &c. © 5 
323 Two Hemiſpheres, projected on the Plane of the Ecliptick;” contain- 
ing all the Stars in Mr. Flamſtead's Catalogue. 
324 Two Hemiſpheres on the Plane of the Equator, ſhewing the right 
Aſcenſion and Detlination of the Stars in the ſame Catalogue. 
325 The Zodiack, containing all the Stars in the Way of the Planets, 
with Dr. Halley's Method for finding the D at Sea. 
326 Planiſpheres, or Projections of the celeſtial Sphere, upon the ſeveral 
Planes, viz. that of Ptolemy, where the Plane f the Projection is 
puns to the Equator z that of Gemma Frifus, where the Plane 
is the Colure, or ſolſtitial Meridian; that of J7obn 
% Royas, or Annelemma, whoſe Plane of Projection is a Meridian, 
and Place of the Eye in the Axis of that Meridian, at an infinite 
Diſtance; that of M. de la Hire, the Plane of which Projection is 
alſo a Meridian, and Place of the Eye in that Point where the Divi- 
ſions of the Circles projected are ſenfibly equal. 
327 Orreries, or Planetariums, of about 12 Inches Diameter, which ſhew 
the Motion of the Earth and Moon about the Sun. 
Orreries, about two Foot Diameter, which ſhew the Motion of 
2 the Earth and Moon together, with the Inclination of the Moon's 
Orbit, the Retrogradation of the Nodes. The annual and diurnal 
Motions of the Earth, and Motion of the Sun round his Axis, &c. 
328 A Planetarium, about two Foot Diameter, with all the Motions of 
- the laſt Number, and the Addition of the two inferior Planets Mer- 
cury and Venus, the former having its annual, and the latter both 
its annual and diurnal Motions. By this Inſtrument the Situations 
of the Planets, with Reſpect to the Earth at different Times, as they 
pear direct ſtationary or retrogade, are plainly viſible, as is alſo 
the Eclipſes of the Sun and Moon, and the Vicifftudes of the 
Seaſons, Sc. 
329 A Planetarium, of two Feet and an half Diameter, with all the 
Properties of the two foregoing Numbers, and the Addition 0 
the 
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the three ** Planets, Mars, Jupiter, and vun with their 
annual Motions. | 
330 A Planetarium of about three Feet and an half Pine, hand- 
ſomely ornamented, containing all the Particulars of the three 
foregoing Numbers, and the Addition of the diurnal Motions of 
Mars, and Jupiter, together with the Motions. of all the ſecondary 
Planets round their reſpective Primaries in their, proper Periods, 
Se. 
All theſe Planetary Machines are ſo conſtructed. as to render all 


the Phænomena 2 are intended to demonſtrate) very eaſy and 
intelligible. 5 


331 The famous Glaſs Sphere of the Reverend and Learn Dr. Long”s 


Invention, which, exhibits at one View borh the real and apparent 
Motion of the Heavens. 


332 The Uranium invented by the Reverend Dr. 
333 Aſtronomical Clocks, or Regulators carefully performed. 
334 A particularly new and curious Machine, containing a Movement 
which oh either an Organ, or Harpſichord, (or both if de- 
ſired) in a maſterly Manner; ſhews the exact Time of the 
Day and Night, and ſets a going a tranſparent Firmament, 
which exhibita the apparent riſing, ſouthing, and ſetting of the Sun, 
Moon, and Stars, their right Aſcenſions, Declinations, Altitudes, 
and Amplitudes, Sc. the Times of their Appearance and Diſap- 
pearance to an Inhabitant on any Part of the terraqueous Globe, 
the Place of the Sun and Moon in the Zodiack, and amongſt the 
fixed Stars, whereby the coſmical, heliacal, and achronical Riſings 
and Settings thereof, are eaſily diſcover'd, and the natural apparent 
Face of the Heavens, at all Times of 'the Day and Night, and 
that in any particular Part of the World, and many other Obſer- 
vables of the Earth, Sc. In ſhort, it is a moſt beautiful, inſtructive, 
and ornamental Piece of Furniture, not unworthy the grandeſt 
Apartment in any Gentleman's or Nobleman's Houſe. 


335 A Cos ORION, or Machine, of a new Invention, which at pre- 


ſent is without a Parallel. 
It is about four Feet and a half Diameter, ſtanding upon a Pe- 
deſtal of curious Workmgnſhip, .. 


In its Center the Sun is ſeen to perform a Revolution about its 
own Axis in 25 Days, its Axis being at the ſame Time inclined 
to the Plane of the Ecliptick, in an Angle bf 66 Degrees. The 
other Planets, move round it, in which Motion, particular Re- 
gard is had both to their proportionable Diſtances and Eccentrici- | 
ties, as well as to their reſpective Inclination in the Plane of the 
Ecliptick, Their proportionable Times and Magninades are hke- 


wile 
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wiſe remarked ; (according to the Syſtem generally received a- 
mong Aſtronomers) and the Planets themſelves are ſurround- 
ed by a tranſparent Firmament, whereon the ſeveral Con- 
ſtellations are delineated, by which Means the Variety of Aſpects 
the Planets ap under to a Spectator in either of them, 
with Reſpect to their Motions and Situations amongſt the fixed 


Stars, are plainly ſeen, ſometimes direct, ſometimes ſtationary, 


and at other Times retrogade. The Earth (on which the princi- 
pal Kingdoms are deſcribed, is accompanied by a natural Horizon, 
and a repreſentative Inhabirant, which may be ſet to any Lati- 
| rude) makes its Revolution in the Plane of the Ecliptick. Beſides 

its diurnal Motion about its Axis, its Axis — allel to 
that of the World, ſhews the Cauſes of Day and Ni 2 the 
Mutations of the Seaſons. Round this Globe An the Moon, 
in an inclined eliptick Orbit (in one of whoſe Foci the Earth is 
placed) the Apſides of which advance ang,recede every Lunation, 
ſo as to perform a Motion in Conſequentia in its proper Period, 
whilſt the Nodes move round in Antecedentia. The Eccentri- 
city of this eliptick Orbit, is continually changing into a new Curve, 


and its Latitudes both northern and ſouthern are fully ſhewn, It 


alſo ſhews the periodical and ſynodical Month, the ſeveral 


Phaſes of the Moon, her Age, and Place in the Zodiack, which : 
gives a clear Idea of the Manner in which lunar Eclipſes are occa- 


ſioned, and may be very ingeniouſly demonſtrated. The Tides 


are alſo accounted for in a very intelligible Manner, and as the 
Obſervations of the Eclipſes of Jupiter's Satellites is of great Uſe 


in Aſtronomy, a particular Regard hath been had to conſtruct 


their Motion in inclined Planes, as well as thoſe of the Satellites 
of Saturn; and their Diſtances, Magnitudes, and true Periods, 


are alſo ſhewn, together with their Immerſions into, and Emmer- 


fions out of the Shadow of their reſpective Primary. A Celidogra- 
| phy of Venus is alſo exhibited® 


All the Planetary Bodies are put in Motion at once, and the 


pable of being continued for a very confiderable Time. In ſhort 
the Contrivance of the whole Machine is ſuch, that all the Pro- 


dlems of Aſtronomy, Geography, Sc. (the Phylicks **» ) 
maybe either explain d or ill < by i *. 


n 


Movement that ſets them a going, is regular, and eaſy, and ca- 
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